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MILITARY CURRICULUM MATERIALS 

The ndHtary-develooed curriculum materials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose of _ 
disseminating these courses was to make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

The course materials were acquired, evaluated by project ^ 
staff and- practitioners in the field, and prepared for 
dissemination. Materials which were specific to the rilitary 
were deleted, cooyrighted materials were either emitted- or appro 
v^fS tSir use'wal cbcained. These course packages conta^ 
corricolum resource materials which can oe adapted to support 
vocational instruction and curriculum development. 



The National Center 
Mission Statement 



The k National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: - * 

• Generating knowledge through research 

• Developing educational programs and 
products 



Evaluating individual program needs 
and outcomes 

Installing educational programs and 
products 

Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 
Military Curriculum Materials 

WRITE OR CALL 

Program Information Office 
The National Center for Research in Vocational 
• ' I l Education 

The Ohio State University 
1960 Kenoy Road, Columbus, Ohio 43210 
Telephone. 614/486-3655 or Toll Free 800/ 
048 4815 within the continental U.S. 
:i\IC (except Ohio) 
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*T\/lilitary 

Curriculum Materials 
Dissemination Is . . . 



What Materials 
Are Available? 



How Can These 
Materials Be Obtained? 



an activity to increase the accessibility of 
military developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard. Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum mateiials is 
piovided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Eduction and the Department of Defense. 

The acquiied materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The. National Center for Research i " 
Vocational Education is the U.S. Office of 
Education's designated representative to 
ncquiie the materials and conduct the pioject 
activities. 

Project Staff : 

Wesley E. Budke, Ph.D., Diiector 
National Center Clearinghouse 



Shirley A. Chase, Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, studeiX.workbooks apd technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Uniting 
Electronics 
Engine Mechanics 



Food Service 
Health ' 
Heating & Air 

Conditioning 
lyiachine Shop 
Management & 

Supervision * 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculuirf Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request.directly or refer- 
Vou id an instructional materials agency 
closer to you. 
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Course Description 



This course is designed to upgrade an Apprentice Uemi-skilled) Machinist to a Machinist {skilled) level. It provides information about basic {nd 
advanced machine shop practices. The major duties of the machinist aie as follows: - r 

9 Manufactures and reworks machined parts 

• Assembles and fits machined parts 1 

• Maintains hand and machine toils 

• .Supervises machine shop personnel 

Machinist contains three volumes covering advanced operations and some supervisory aspects of the machine shop. * k 

Voiumo 1 - General Shop Management discusses precision tools, lubricants, coolants, and fluids, rne;a!lurgy f and stud, plug, screw and 
insert removal and replacement. The first chapter dealing with shop administration was deleted because of its reference 
to specific military o'rganization and forms. 



Volume 2 - 



Volume 3 - 



Advanced Machine Work discusses drilling machines, lathes, milling machines, shapers, contour machines, and grinding 
operations. 

Tool Design and Fabrication covers tool design practices, special tool design and fabrication, and fittinj and assembly 



The chapters in each volume are organized around objectives accompanied by a coded text, review exercises and answers to the exercises keyed to the 
text. \he course was designed for student self-study and.evaluatfon, but would be most useful in a laboratory or on the job learning situation. Volume 
review exercises with questions keyed to the text are provided, but the answers are not available. This course can be used as independent and/or advanced 
study in machine shop courses. 
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THIS PUBLICATION HAS 8EEN REVIEWED AND APPROVED 8Y COMPETENT 
PERSONNEL OF THE' PREPARING COMMAND IN ACCORDAN©€<JA/ITH CURRENT 
DIRECTIVES ON DOCTRINE, POLICY, ESSENTIALITY, PROPRIETY, AND QUALITY 



Page 9, para 3~18-m. Delete . 

Para 3-18-o. Change "1098,* Personnel Action Request" to "2095/ 
Assignment/Personnel Action." 
Para 3-18-p & q. Delete. 

Para 3-18-r. Add "Retain VRE answer* sheets. " 

Page 9, para 3-19, line 1. Change "Shop" to "Immediate." Lines 2 & 3: Cnange 
"a shop" to "the immediate." Line 9. ^Change "shop" to "immediate." 
Line 11. Change "sh<~?" to "immediate." 
Para 3-19-a. Delete "the best." 

Para 3-19-c. Delete. ■ \ 

Page 10, para 3rl9-e. Delete. ' x . v . 

Para 3-19-f. Delete "and Conducting OJT." 

Para 3-19-g. Change "the program through daily supervision" to "the 
OJT program through daily contact," \ 
Para 3-19-j. Delete. 

Para 3-19-k. Change "For airmen"* to J 'For assigned airmen." 
Para 3-19-m. Delece first line and replace with "Initiate AF Forjn 2096 
to." Line 3. Add "OJT" after "from)." 

Page 10, para 3-20-c, d, e, f/»g anu h. Delete and replace with the 
following: "c. Teach theory and background information when required, 
d. Motivate and evaluate assigned trainees." ^ 

Page 10, para 3-23-a. Delete and replace with "Know where to locate 
and read his AFS description, his immediate training requirements and 
objectives, and his training folder and its contents." 

Pjtra 3-23-c. Delete "understand." 
' Para 3-23-e. Add "for future use." 

Para 3-23-f. Change "trainer and supervisor" to "OJT administrator." 

Page 11, line 1. Change "supervisor" to "OJT administrator." 

Page 11, para 3-25-b, line 5. Change "freindly" to "friendly." 

Page 12, para 3-31, line 4. Change "supervisor" to "administrator." 

Page 13, para 3-31-c, line 4. Change "supervisor" to "administrator." 

Page 13, para 3-32, lines 2 & 9. Change "supervisor" to "administrator. " 

Page* 13, para 3-34, lines 2, 10, 12 « 14. Change "supervisor" to 
"administrator." Line 15. Change "wheterh" to "whether." 

s Page 14, para '3-37, line 5. Change "supervisor" zo "administrator." 
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CHANGE SUPPLEMENT # ^ 

CDC 53150 

MACHINIST 
(AFSC 53150) 

I MPORTANT' : Make the corrections indicated in this change supplement 
before beginning study of Volumes 1, 2 and 3. This change supplemen 
is printed <5n one side only to permit "cut and paste" posting of 
ler.jthy changes, in case you prefer to post these changes in this 
manner. 



CHANGES FOR THE TEXT: VOLUME 1 

Page iii, para 4, line 3. Change "(TTOC)" to "(TTOXC)." 

Page iv, Contents, line 7. Change "53" to "52." Line 8. Change "60" 
to "59." Bibliography. Change "67" to "66." 

Page 3. Delete Chart 1 and replace it with new Chart 1. 

Page 8, cara 3-13, line 1. Change "Consolidated" to "On-the-Job . " 
Line 9. Delete "This would . . . duplicate training." Line 14. Change 
"consolidated" to "On-the-Job." 

Pag-.- 8, para 3-15, line 4. Delete "although . . . location." 
Page 9, line 1. Change "consolidated" to "on-the-job." 
Pag-.- 9, para 3-16. Delete line 16. 

Page 9, para 3-18, line 1. Change "Supervisor" to "Administrator." ^ 
Line 2. Change "supervisor" to "administrator." Line 6. Change "Teach 
to "Indoctrinate." , * _ ... , 

Para 3-13-d. Delete and replace with "Enroll trainee in CDC speciried 

in ECI .atalog."' 

Para 3-18-h. Delete. 

Para 3-18-1. Change "consolidated" to "on-the-job. 
Para 3-18-j . Delete. 

P^ra 3-18-k & 1. Delete and replace with "k. Make. visits to in- 
dividual sections at least every 90 days, and forward written report, 
through squadron commander, to sections visit id and submit a copy to 
CBPO OJT unit." 
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Preface, 



THE OBJECTIVE of this course is to provide the knowledge that you need to 
progress to the machinist skill level. The emphasis will be on broadening your 
technical knowledge and preparing you to perform the duties of a machinist. 

Note the chapter titles on the contents page for Volume 1, Chapter I covers 
shop administration; chapter 2, precision tools; chapter 3, lubricants, coolants, 
and fluids; chapter 4, metallurgy; and chapter 5, stud, plug, screw, and insert 
removal and replacement. Now, leaf quickly through the pages of each chapter 
and note the numbered headings; this will help you to understand the scope of 
this volume; you see that it covers nearly all the basic machinist knowledges ex- 
cept those that pertain to the more complex machine tools and machining 
bperations. 

Code numbers appearing on the figures and charts are for the preparing 
agency only, ' 

If you have questions on the accuracy or currency of the subject matter of this 
text, or recommendations for its improvement, send them to Tech Tng Cen 
(TTOC), Chanute AFB, 1L 61868. * ' 

If you have questions on course enrollment or administration, or on any of 
ECl's instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercise, and Course 
Examination) consult your education officer, training officer, or NCO, as ap- 
propriate. If he can't answer your questions, send them to ECU Gunter AFB, Al 
36118, preferably on ECI Form 17, Student Request for Assistance. 

This volume is valued at 21 hours (7 points). 

Material in this volume is technically accurate, adequate, and current as of 
February 1972, 
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Page 14, para 3-38, lines 3 & 7, Change "supervisor" to "administrator, " 

Page 14, para 3-40, "line 1, Change "supervisor" to "administrator." 

Page 14, oara 3-41-b, line 3- Change "supervisor" to "administrator." \ 

Page 14, para 3-42, line 5. Change "supervisor" to "administrator." 

^age 17, para 4-26, line 6.- Change "fight" to "flight." 

Page 19, para 4-35, line 2. Change "amd" to "and." 

Page 21, para 4-55-a, line 1.' Change"TI 0-1-02" to "TO 0-1-02." 
Line 3. Delete "TO 0-2-1." 

Page 22, para 4-66, line 10. Change "eixst" to "exist." 
Pa<5^*23, para 4-77, line 2, change "To" to "TO." 
Page 24, para 5-2, line 2. Change "of it" to "or if." 
Page 39, para 8-5, line 10. Change "minue" to "minus." 
Page 48, para 10-7, line 6. Change "film" to "film." 
Page 57, para 18-2, line 8. Change "536X0" to "531X5." 
Page 62, para 20- a, line 4 from bottom. Delete "the." 
Page 62, para 21-2, line 3. Change "of" to "or." 
Page 66, lines 2 "thru 7. Delete. 

Paae 66, Department of zhe Air Force Publications, line 2.' Change 
"Safeguardinc Classified Information" to "Information Security Program." 
Line. 4. • Change "AFM" to "APR" and "Industrial Safety" to "Ground" and 
delete "26 June 197C." 

Page 66, Resident: Courses. Delete entire'para'graph. 

CHANGES FOR THE TEXT: VOLUME 2 

Page iii, para 4, line 3. Change " (TTOC) " to " (TTOXC) . " 

rage 4, para 2-6, line 8. Change "crill" to "drill." 

Page 4, para 2-7, line 2. Change "still" to "steel." 
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" " '"?age - 8Tpara f-Tti I±jie-2v Change- ,, -tapes^ta_!LtapfiK.s A l* . _ _ 

Page 36, col 2, line 4 from bottom. Add Jjco-" to end of line. 
Next to last line. Change "cos A" to "cot A." 

Page 37, col 2, first line. Change "cos A" to "cot A." 

Page 39, last formula. Change "202" to "cos." , 

Page 69, Deoartment of the Air Force Publications, line 2. Change 
"AFM" to "AFR" and "Industrial Safety" to "Ground" and .delete 26 June 1970. 

- Page 69, Resident Course.- Delete entire paragraph. 

CHANGES TO THE TEXT: VOLUME 3 

'Page iii, para 4, line 3- Change "TTOC" to "TTOXC." \ 

Page 28, para 9-37, line 2. Change "one one" to "on onfe." 

Page 31, para 11-1, line 8. Change "536XX" to "531X5." 

Page 35, Department of the Air Force Publications, line 2. Change 
"AFM" to "AFR" and "Industrial- Safety" to "Ground." 

Page 35, Resident Courses. Delete the entire paragraph. \ 
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MODIFICATIONS 



of this publication has (have) been deleted in 



adapting this material for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education. 11 Del££efl material involves extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 



CHAPTER 2 



Precision Tools 



YOU ARE BECOMING more proficient in the 
operation of various machine tools. There are o 
other related skills in which you must become 
proficient, also. Among these skills are the use 
of machinist's special taols. Also, you must' 
know how to use measuring devices and 
processes and how to care for precision 
measuring instruments. These skills will be very 
useful to you. 

7. Machinist Special Tools 

7-1. When you attended fhe resident 
machinist course, or as you studied Volume I of 
the 53130 CDC, you became familiar with 
many common handtools. You have learned to 
apply the knowledge you-gained in the selection 
and use of the tofcls. Now, you will learn the 
purposes and uses of tools of a more special 
nature. 

7-2. Bench .Plate. The bench plate is a plate 
machined to a fiat surface. Bench plates vary in 
size and are usually machined from cast iron. 
An average-sized bench plate may be about 18 
inches square and about 1 1/2 inches thick. 
You use the bench plate on the bench as a base 
upon which to work. You use the bench plate 
for ordinary layout work when great accuracy is 
not required. You can lay the work directly on 
the plate, clamp it to angle plates, or hold it on 
4t V" blocks. 

7-3. Surtacc Plate. You use a surface plate 
when a fiat surface with a high degree of 
accuracy is required. Surface plates are made of 
close grained cast iron, granite, or ceramic 
material. After being machined accurately, the 
surface is hand scraped fiat and smooth. 
Surface plates are available in various sizes 
ranging from a few inches in width and length 
to 3 feet wide and 10 feet long. Ribs are cast 
into the underside of the plate to prevent 
warpage of the fiat surface. 

7-4. Vou use the surface plate for making 
accurate layout, as well as for ordinary layout 
work. You use it in conjunction with precision 
measuring instruments to check the accuracy of 



machined parts. You also use it when you check 
the accuracy of gages and measuring 
instruments. A good surface plate is an 
expensive piece of equipment. The cost of a 
particular surface plate depends upon the 
material from which it is made,- its size, and its 
accuracy. You must give the surface plate 
proper care if it is to maintain its accuracy. The 
working surface must be kept clean and free of 
foreign matter. Do not drop any object on its 
surface. Do not hammer or pound on a surface 
plate. Keep the surface lightly oiled and 
covered to prevent damage when the plate is 
not in use. 

7-5. Parallels. Parallels are accurately 
machined bars of steel or cast iron. Opposite 
surfaces are parallel with adjacent surfaces at 
right angles. You use parallels for a variety of 
^ work when the work must be raised from a 
surface while you maintain parallelism with the 
surface. Parallels arc manufactured in a variety 
of types and sizes. ^ _ 

7-6. Solid parallels. Solid parallels are 
accurately machined from solid stock and are 
usually hardened. They are nonadjustable and 
come in pairs. Solid parallels may be purchased 
from most precision gage manufacturers. These 
parallels are hardened, ground, and lapped 
accurately to standard widths and thicknesses. 
Their accuracy is sufficiently close to permit 
you to use them in many precision measuring 
and gaging processes. Many times you will find 
you don't have the required sizes of parallels 
available. You can manufacture sets of parallels 
to meet specific needs. Often you can make 
parallels from soft steel to aid in the setup of 
many jobs. These parallels, however, would not 
have the accuracy required for precision 
measuring processes. You can manufacture 
parallels from tool steel and grind them to a 
fair degree of accuracy. 

7-7. Box parallels. Box parallels are similar 
to solid parallels. The box parallels are larger 
and hollow in design. They are hollow to 
reduce the weight and to allow ease of 
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Figure 5 Degree Parallels, 

handling. Again, they are manufactured with 
opposite surfaces parallel and adjacent surfaces 
square. You use box parallels for larger work 
or when the work has to be raised greater 
distances. 

7-8. Degree or angular parallels. Degree 
parallels are similar to solid parallels, except 
that one side of each parallel is machined to an 
angle other than 90° to the adjacent sides. 
Figure 5 shows that degree parallels are 
manufactured in pairs with specific angles. 
Both parallels are manufactured with their 
faces at the same angle. 

7-9. Magnetic parallels. Magnetic parallels 
are parallels designed to transmit magnetism. 
They are ground and lapped with the opposite 
sides square. Magnetic parallels are constructed * 
of fused laminations of .iron and brass. These 
laminations are in precision alinement to 
produce high permeability and low residual 
magnetism. These parallels are not magnetic in 
themselves but the high permeability allows a 
high degree of magnetism to be transmitted 
through the parallel. The low residual 
magnetism allows the parallel to quickly lose 
its magnetic properties when the source of 
magnetism is removed. You use magnetic 
parallels with various magnetic chuck 
applications. You would use magnetic parallels 
tb^provide positive grip for small, thin, or 
irregular work that cannot be held directly on 
the ma^n^tic chuck. 
7-10. Adjustable parallels. Adjustable 




parall els are comp osed of two wedges. The 
wedges are dove-taffed togeiHor so fluinyrfe parr 
may slide along the other. When one part slides 
along the other, the distance between the two 
opposite surfaces changes. The distance may be 
changed and locked at any micrometer setting 
within the limits ol the parallel. You use 
adjustable parallels in connection with milling 
machine, shaper, and other machine tool vises 
wtfen you are setting up work.. This application 
is similar to the one using solid parallels. You 
Would also use them when you ase leveling 
work on various machine tool tables. Another 
use is that of an adjustable gage for checking 
slots, 

7-11, Planer Gage. The planer gage, figure 
6, like the adjustable parallel, has inclined 
planes. When the two parts are moved relative 
to each other the distances between the surfaces 
of the gage changes. The distance between the 
surfaces may be set to exact distances using a 
micrometer, surface gage, or vernier height 
gage. The planer gage was designed primarily to 
assist the planer or shaper operator in setting 
the cutting tool to the proper depth You could 
save much time and effort in operating the 
shaper by using this gage. It could eliminate the 
slow method of cut and try. 

7-12. You set the gage to the finished 
thickness of the work with a- micrometer or 
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Figure 7, *VJ|UMuble angle Plate 



Planer Gage 
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other gage, as mentioned. With the planer gage 
resting upon the machine platen, you then 
adjust the cutting tool in contact with the gage. 
The first cut can then be relied upon to give the 
proper thickness of work. You can also use the 
planer gage to check the width of slots and 
grooves. You can accurately check the width of 
any slot within the limits at the gage. Also, you 
can use the planer gage in conjunction with a 
— -sine-bar when-you are doing-^guiirr^voTlc; — 
7-1 3. Angle Plates. Angle plates are 

\ 
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Figured 



composed of two members. The outer sdrfafeiT 
are machined flat. There are two types of angle 
plates: (I) the standard (nonadjustable) and (2) 
the adjustable. In the nonadjustable, the faces 
are machined to right angles with each other. 
The adjustable angle plate allows the angle 
between the two surfaces to "be changed. 

7-14 Standard angle plate. The standard 
angle plate has two or more surfaces machined 
flat and perpendicular to each other. This 
allows you to mount work on a machine table 
with the surface of the work at 90° to the table. 
You can then quickly and easily machine work 
to right angles. You can use the angle plate 
when you lay out work for machining. You set 
the angle plate upon a surface plaje with the 
work to be laid out clamped to the angle plate. 

7-15. Adjustable angle plate. The adjustable 
angle plate (also called the too) maker's knee) 
has an adjustable surface. You can raise the 
table on the adjustable angle plate as illustrated 
in figure 7. You can lock the table at any 
desired angle from the, horizontal to the vertical 
positions. You can also rotate the angle plate 
on its base. This feature allows you to perform 
machining operations on two axes. 

7rl6 Tool Maker's Button*. Toolmaker's 
buttons are hardened and ground cylindrical 
pieces of steel. The ends are ground flat or 
slightly concave. The buttons have a large hole 
through ihem to allow you to fasten them to the 
workpiece and to change the location of the 
button Toolmaker's buttons are normally 
available in sets of tour with set diameters of 
.300. .400, or .500 inch. Usually, buttons are 
1/2 inch long with one button 5/8 inch long. 
Toolmaker's button sets, shown in figure 8, are 
furnished with the screws and hardware for 
fastening the buttons to the work and for 
proper storage. 

7-17. You use toolmaker's buttons to locate 
holes with precision. You would make the 
layout with ordinary layout tools. After the 
centers.of the holes are located, they are drilled 
and tapped to receive the toolmakers' button 
screws The buttons are screwed lightly to the 
work. When you have two or more holes close 
together, use^the long button for the hole you 
want to drill first. This will allow you to use the 
dial test indicator to center the work without 
interference from the other buttons. After you 
have th£ buttons accurately located, you then 
tighten them securely. When you require the 



buttons to be set with extreme accuracy, it is 
best to set them one button at a time. Let's 
assume that you need to bore two accurately 
located holes from the end and edge of the 
work with accurate center distances. You locate 
one button and then locate the other button 
"relative to theTrrsrrnrer — * - — ■ 
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Figure 9. Toolmakcrs Buttons and Their Application. 

7-18. The first button is located the 
prescribed distance from the end and edge of 
the work. You could do this with the aid of a 
surface plate, angle plates, and gage blocks. 
Suppose the requirements are that the center of 
the hole is 1 inch from the edge of the part with 
its center I 1/2 inches from the end. Select the 
proper sizes of gage blocks to give these 
distances. The correct amount of gage blocks is 
the required distances minus 1/2 the diameter 
of the buttons. Align the button, as shown in 
figure 9. When the button is accurately located, 
tighten the screw to hold the button securely. 

7-19. You may then locate the second button 
by using gage blocks. You would use the same 
stack you used to locate the distance of the first 
button to locate the edge distance of the second 
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button. Since the part requires accurate center 
. distances between the holes, you locate the 

second button relative to the first. Suppose the 

emm distance"is-37250~inches~You-selecMhe 
■ correct amount of gage blocks to fit between 

the buttons. Since the' gage blocks are located 
^ between the buttons (buttons 1/2 inch in 
Niiameter), you subtract 1/2 the sum of the 

diameters of the buttons, as indicated in figure 

10. 

7-20. You may also' use a micrometer to set 
the center distance between the buttons. You 
measure the distance across the buttons. Since 
the reading is across the buttons, you subtract 
1/2 of the sum of the diameters of the buttons 
to the center distance to obtain the correct 
micrometer reading. The gage blocks may be 
used to check the. edge distance of the second 
block. Wh^n you have the second button 
located, tighten the retaining screw securely. 

7-2 1. You can use a dial test indicator to 
check the edge distance of straight line holes. 
After repeated checking of the locations of the 
buttons, you check to insure that they are 
secure to the work. Make a final check of the 
button locations after the screws are tightened. 
You now have the holes accurately laid out 
with the \oolmaker*s buttons. The part is ready 
for the boring operation. If the part is to be 
bored in a lathe, you mount the part on a face 
plate. You locate the part by using a dial test 
indicator on the buttons. When you have the 
button centered to .within tolerances by lightly 
tapping the work, tighten the clamps securely. 
Recheck the reading after securing the work. 
You then remove the button and drill and bore 
the ho o specifications. Repeat the centering 
of the muttons for the remaining hole or holes 
and bore them to specifications. If you perform 
these operations carefully, you will be able to 
drill and bore holes with very accurate 
locations. 

7-22, Hand Scrapers. Hand scrapers are 
, tools which are used to remove high spots from 
machined surfaces. In order to produce an 
accurate, flat bearing surface you must locate 
and scrape off the high spots. You also scrape 
bearings for close running fits tor shaft 
bearings. 

7-23. Hooked scraper (flat surfaces). The 
hooked scraper is used for the ''flowering'' or 
u frosting" design you see on scraped surfaces. 
You also use the hooked scraper for scraping 
surfaces when it is inconvenient to use the flat 
scraper. An application of the hooked scraper 
would be the angle of a dovetail bearing 
surface. You may need to scrape round or 
curved surfaces to obtain good running or 
sliding fits, which demands another type of 
scraper. 

7-24. Half-round bent scraper. The half- 



round bent scraper is the most common used 
scraper for curved surfaces. It has two cutting 
edges. The cutting stroke may be either toward 

-or-awa.ylftojn._ym 

7-25. Hooked scraper (curved surfaces). The 
hooked scraper is preferred by many craftsmen. 
It is used for scraping larger surfaces. You 
grind the cutting edge to conform to the curve 
of the work. Then you sharpen the scraper to 
cut on the pull stroke, 

7-26. Three-cornered scraper. The three- 
cornered scraper is used to break (remove) the 
edges of holes or edges of other curved work. 
The three-cornered scraper may also be used to 
round the corners. The three-cornered scraper 
is usually made by grinding off the teeth of an 
old file. This produces three cutting edges. The 
three corners of the body back of the cutting 
edge shQ,uld be well rounded to prevent cutting 
your hands. 

7-27. Hand scraping. When you need to 
hand scrape work, you must first locate the high 
spots on the wo.rk. Do this by using Venetian 
red or prussion blue. For flat work, rub a light 
coat of the red or blue on the surface plate. The 
surface to be scraped is then rubbed on the 
surface plate, and you can see the high spots \ 
plainly marked with the paint. High spots on O* 
bearing surfaces can be found in a similar 
manner. You apply the shaft to the bearing 
surface and the high spats in the bearing are 
indicated by the red or blue spots. Mating parts 
are used in the same way to find the high points. 
As you scrape the high points, the spots 
increase in number and decrease in sue. When 
this occurs to the point at which the red or blue 
becomes difficult to use, you can then use 
turpentine to locate the high spots. The 
turpentine causes the high points to show up as 
bright spots. The turpentine also makes the 
scraper work better. When you i^se the flat 
jscraper, the cutting stroke is the forward stroke, 
the stroke is seldom over 1/2 inch in length. As 
you make successive scrapings of a spot, the 
direction of the strokes should be parallel to 
each other. The operations using the hooked 
scrapers are quite similar. The cutting strokes - 
on these scrapers are normally toward you. 

7-28. While you are scraping, do not allow 
any oil, or even your fingers, to touch the 
surface. Be extremely careful that >ou do not 
allow any foreign matter to get on the surface 
plate or the parts. This will impair the checking 
of the surfaces. When you are roughing the 
surface, you should scrape fairly hard. As the 
spots become smaller, ease up on the chip. 
Dipping the scraper in turpentine will help you 
to scrape easier and faster. Keep the scraper 
sharp by occasional' sharpening on the grinder 
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and oil stone. A dull scraper will scratch the 
watk,. * 

7- 29. Trammels,: The trammel is simply a 
long beam compass or divider. The~tr.ammel has 
a long steel beam with two sliding heads. The 
two heads are designed to slide along the beam 
a nd then to b e ckunped securely in place for 
use. One head is~equTpped with a micrometer 
screw adjustment mechanism. This micrometer 
adjustment allows you to make precis* 
adjustment of the distances between the pQints. 
The heads of the trammels have collet spring 
chucks. You can insert any of the various points, 
and attachments into the heads. The 
interchangeable points extend the range of uses 
of the trammels. You use the trammel 
extensively for scrfbing circles and arcs with 
large radii. For this you use the trammels in the 
same manner as dividers and compasses*.You 
can insert the ball points in one of the heads 
and scribe radii and circles from the center of 
holes. You can insert the caliper points into the 
heads and then use the trammels as large inside 
or outside calipers. 

8. Measuring Devices and Processes 

8- 1. Much of your time is spent measuring 
and checking parts for accuracy. Perhaps there 
have been times when you wished for an easier- 
or more accurate process of measuring or 
checking. As you stuUy this section you will 
learn more of measuring devices and processes. 

8-2. Measuring Errors. It is impossible to 
•manufacture parts to mathematically exact 
dimensions. This is due in part to the fact that 
there are inherent errors in all measuring 
processes. No measuring device or process is 
entirely free of error. Checking and measuring 
parts are necessary to ensure that machined 
parts meet at least minimum tolerances. The 
tolerances permitted in most machining 
operations in Air. Force shops pose no real 
problem Let us review some of the minute 
inherent errors you will find in checking parts 
for accuracy. A knowledge of these inherent 
errors will help 1 you to machine parts with 
greater speed and accuracy. 

8-3. Instrument error. Every measuring 
device has an inherent error of indication. 
Accuracy in the manufacture of measuring 
instruments affects the degree of accuracy of the 
reading. Lik; the parts you machine, the parts 
of measuring de^ic^s are not machined with 
absolute accuracy.^ These small inaccuracies 
result in tiny instrument errors. Wear also 
affects the accuracy of measuring instruments. 
As the instruments become worn they become 
less accurate. Temperature affects instrument 
accuracy If the part is not at room temperature, 
the instrument may give an erroneous reading. 



You can keep this error to a minimutn by 
keeping parts and 'instruments at room 
temperature. This can be especially critical in 
making measurements to the fourth decimal. 
You can help minimize this error by making 
sure your instruments have been calibrated. 
Check 'the records of the dates of the PMEL 
( P re c-i-s i o n M_e a s.u r e m e n t . ;Eg u \p m e n t 
i-aboratory) schedules. Be sure the precision- 
instruments are current on their inspection and 
calibration. Also, be sure that new instruments 
have been sent to the PMEL shop for 
calibration before you use them. 
v 8-4. Human element error. Another source 
of erroc is the human element. Re?,ding error is 
a part of ths human element. Reading error 
may be a result of lack of skill. This may be 
caused by lack of sufficient light with which to 
clearly see the graduations. Good lighting 
would tend to reduce this error. Reading error 
may be due to the uncertainty of the hum? n eye 
in preceiving fractional intervals on a scale. 
One person may have no difficulty in 
determining which division marks line up on a 
vernier scale. Another, even with the ait; of a 
magnifying glass,, may not be able to determine 
which divisions line up. Reading errors may be 
minimized with additional training and 
practice. Another human element error may be 
that of differences in "feel" or "touch." 
Obtaining extremely accurate measurements is 
an art. There are no indicating gages to tell you 
when you have just the right feel. For instance, 
when you measure a shaft with a micrometer 
there is no gage to tell, you when you have 
turned the thimble just the right amount. You 
must develop this feel through practice. 

8-5. Judgment error. Judgment error can be 
time consuming and costly. You must learn to 
use judgment quickly and easily in checking 
parts: Much time can be lost if you are unsure 
of your judgment of the feel and in reading 
instruments. If you are to turn a shaft to a 
tolerance'of plus or minus 0.002 inch, it would 
not be practical to take additional time to 
machine the part to a tolerance of. plus or 
minue 0.0002 inch. You. must develop 
judgment in working to practical limits. 

8-6. Accessories for Graduated Rules. 
Simple, but very effective, accessories arc 
available for steel scales. These accessories 
greatly extend the usefulness of the scale. 

8-7. Sliding head. The sliding head has a flat 
reference surface from which measurements are 
made. It has a thumb-screw clamp to secure the 
scale. Normally, the head's reference surface is 
held perpendicular to the 'scale by a hand slot 
or guide pins. The sliding head attachment 
allows yOu to ust the rule as a depth gage. You 
would use this attachment to measure the depth 
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of holes and grooves. You can measure the 
depth of holes and slots up to 5 inches with a 6- 
inch scale. You can substitute the scale with a 
5/64 inch diameter rod for measuring depths 
greater than 6 inches. An angle index mark is 
engraved on one side of the conical rule clamp 
turret. This allows you to use the attachment as 
a combination protractor to measure 
approximate angles. 

8-8. Right angle clamp. The right angle 
clamp is an accessory often used .with the 
combination square. The right angle clamp 
holds a scale at a right angle to the blade of the 
combination square. This allows you to make, 
( , ^ measurements when both depth and lateral 
coordinate dimensions are required. When you 
use the assembly on the surface plate, >ou can 
use it as a height gage. You will find many more 
similar uses of the right angle clamp. 

8-9. Keyseat clamps. When keyseat clamps 
are applied to the steel scale you have a keyscal 
rule. The clamps are easily puttm and taken off 
the scale, which is usually a 6-inch scale. When 
so arranged they form a box square. The 
keyseat rule is a very useful tool when you 
apply it to cylindrical work. You have an 
excellent guide for scribing lines parallel to the 
axis of the cylindrical work. You can easily 
scribe parallel lines on cylindrical work. Also* 
this device is very convenient in making keyseat 
layouts on shafts. 

• 8-10. Caliper Rule. The caliper rule is a 
type of measuring caliper. When you use a 
graduated rule, ycu have to judge the position 
of the rule datum edge. It is also necessary, that 
you judge the relation of the graduation to the 
'point being measured by eye. This judgment 
can lead to error. Greater accuracy is obtained 
if the measuring device makes contact with the 
two points being measured. The caliper rule 
does this. The caliper rule has a grau.iated, 
scale, a fixed jaw, and a movable jaw. The 
movable jaw can be moved to make coniact 
with the work. Like the micrometer or calipers, 
you must also devplop a feel for using the 
caliper rule. When you have t-he feel of the 
caliper jaws to the work, >ou simply read the 
measurement indicated by the sliding jaw. 
Caliper rules are constructed to enable you to 
take both inside and outside measurements. 
There are two index marks on the movable jaw. 
Each ib labeled as to its function, for outside or 
inside measurements. To read the dimension, 
measuring an outside diameter, you would read 
the ^dimension indicated by the index mark 
labeled "out." If you were taking an inside 
measurement, you would read the dimension 
indicated by the index mark labeled "in." 

8-11. Vernier Caliper. The vernier caliper 
is quite similar to the caliper rule, except that it 
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has a vernier scale. The vernier scale allows you 
to take measurements to within 0.001 inch. 
Vernier calipers have beams 6, 12. 24. 36, and 
48 inches in length. Although blight L> more 
bulky than the micrometer one vernier can 
replace scveral s sets of, micrometers. For 
instance, a I 2-inch vernier caliper hab the bame 
range of measurements as .u set of 12 
micrometers. Also, the vernier caliper is 
capable of making' inside as well as outside 
measurements. The sliding jaw is thicker than 
the beam. This allows a vernier scaU to be 
mounted on each side. One of the vernier bcalcb 
is used for inside meaburemcnt while the other 
is used for outside measurement. 

8-1 2. Measuring with a vernier i oAiper. 
When you make measurement with the \ernier 
caliper, you move the sliding jaw in the 
direction to obtain the feel on the work. The 
Tine adjusting screw* allows you to make fine 
„ adjustments on the jaws. You do this b> first 
setting the jaws to the approximate dimension 
and locking the nut carrier. Then. b> turning 
the adjusting nut you can move the sliding jaw 
assembly very slowly in cither direction. When 
>ou have the correct feel on the work, you can 
then lock the sliding jaw in position for reading 
the vernier or for holding the setting for 
subsequent measurements. 

8-13. Reading vernier scales. When >ou have 
set the vernier caliper, you are then ready to 
/cad the scale. The vernier scale is a simple 
means of magnifying small differences in 
measurements so that they may be easi)\ read 
on a linear scale. Although it would be possible 
to etch graduations of 0.001 inch on a steel 
scale, it would be almost impossible to read ? 
them. The addition of the vernier scale makes it 
a simple matter ro read the 0^00 1 inch » 
graduations. The main scale is divided into 
inches the same as a machinist's scale. The inch 
division is broken into 10 divisions of 0.100 
inch. These divisions are further divided into 
four parts of 0.025 inch each. Each graduation 
on the main scale, then, equals 0.025 inch. The 
vernier scale (the lower sliding scale) divides 
the 0.025 inch main scale into 25 parts equal to 
0.00 1 inch. When the index of the sliding sc.ile 
(marked "O 1 ') is in alinement with a mam scale 
graduation, you simply read the main scale 
graduations. When the index is not in 
alinement with a main sqale graduation, you 
read the main scale division to the left of the 
index and add to that the number of marks to 
the right of the main scale division in alinement 
with the vernier scale. 

8-14. Vernier Height Gage. The basic types 
of height gages fall into two categories They 
are height gages lor direct linear measurement 
and height gages for comparison measurement. 

tO 



You can use almost any height gage for both 
functions, depending upon the type of 
unhealing system used. A variety of 
Attachments arc available to allow you to use 
the height gage with either system. The vernier 
heighrtgage may appear to b$ quite different 
from the vecnier caliper. However, the basic 
principle is the same. When you place the 
vernier height gage on a surface plate, the 
surface plate becomes the equivalent to the 
fixed jaw. The sliding arm of the vernier height J 
gage differs from the sliding jaw of the vernier 
caliper only in minor mechanical details. The 
sliding arm of the height gage is designed for 
mounting accessories for easier height 
measurement. Vermer height gages are 
normally produced in height capacities of 10, 
18, and 24 inches. This means that you can 
measure, these ^heights with the * respective 
models, even though t£e beam height is about 2 
inches more. Like the vernier caliper, vernier 
height gages usually have 0.025 inch scale 
divisions and a vernier scale that permits you to 
read the scales to within 0.001 inch accuracy. 
The vertical beam or main scale of the veinief 
height gage is graduated in relation .to the 
bottom of the base. The scale tfftm-^ads the 
actual height ol the gaging surface. The gaging 
surface is the top surface of the sliding arm. 

8-15. Scnber point. You normally clamp the 
senber point on the gaging surface of the height 
gage. The bcale of the height gage permits you 
to make direct readings to the gaging surface of 
the scnber point. ^Essentially, thi^is a caliper- 
type reading when used for measuring work. 
The scribing tip of the scriber point is also at 
the height of the scale readings. You can scribe 
lines accurately at the indicated heights. The 
scriber point can be mounted to the bottom 
side of the sliding arm. Then the height gage 
can be used in the same manner as an inside 
■ caliper. When you are using the height gage in 
this way* you muut subtract the Ihickness of the 
arm from the reading. The minimum height at 
which you ' can set the sliding arm gaging 
surface above the bottom of the base is usually 
one inch. When measuring heights less than one 
inch, use the offset attachment. The offset 
attachment lowers the contact point of the 
height gage one inch. Thus you can measure 
heights less**rt&n one inch. However, you must 
subtract one inch fro m t the readings. 

8-16. Dial indicator. Quite often you can use 
the height gage to advantage with a dial 
indicator attached to the sliding arm. You will 
observe that the contact point of the indicator 
is not at the same height above the plate as the 
gaging surface of the sliding arm. You cannot 
use the height gage for direct scale reading. 
Instead, the height gage is used to compare a 



height ,to a known master, such as a stack of 
gage blocks. ^ 

8-17. -An important job you can quickly 
perform with the indicating height gage is that 
of checking shaft conditions. Suppose, k 
example, that you art required to check sl'ai. 
diameters for concentricity. Suppose that i ne 
shaft diameter is to be concentric with anot ler 
diameter on the same shaft to withih a specif ed 
tolerance oj* at least within 1/2 the tolerance of 
the diameter* Several undesirable conditions of 
a shaft may affect a measurement -of 
concentricity. The first check is for out of 
round. To do this you place the shaffon a right 
angle block. Place tfce height gage indicator 
point over the part and rotate the part slowly. 
Any deviation of the indicator needle, will 
indicate the amount of Qut of roundness. 

8-18. To check for a bent shaft, you place it 
on a "V" block. You place the indicator 
tjontact point at two points along the diameter. 
A difference in readings indicates a bent shaft if 
neither portion is tapered. Rotate the shaft otje 
quarter of a turn and Repeat the check. Any 
change in the readings indicates a bent shaft 
rather than taper or out of roundness. 

8-19, To check for shaft curvature, you place 
the part on two "V" blocks with about 1/4 inch* 
of each end of the shaft resting on a *'V" block. 
Move the indicating gage over the part and set 
the dial for a zero reading. Then you (ake three 
more readings (90° apart) around the shaft. 
Repeat this at several stations along the shaft in 
order to separate bent shaft conditions from 
other conditions. 

8-20. .The final check is the measurement of 
eccentricity between one section of a shaft and 
another. You place the large diameter of the 
shaft in a "V" block. Place the indicator over 
the small section, close to the shoulder. 
Revolve the shaft iriMie "V" block and note any 
deviations/ Afc an additional check, pjace the 
small diameter in the "V" block and repeat the 
check. Quite often a shaft will have a 
combination of conditions, such as out of 
roundness, crookedness, and curvature, as well 
as eccentricity on the same side of the shaft. 
Quite often these conditions will be mistaken 
for eccentricity as theoprhcucal effect on the 
function of the shaft a* final assembly-is nearly 
the same. Also, you 'may struggle in vain to 
eliminate eccentricity from a shaft when in 
reality the condition is something else. 

8-21. Another example of the use you may 
find for the surface plate and indicating vernier 
height gage is that of checking the 
perpendicularity of a hole to the axis of a 
cylindrical part. You will need a "V'bloek and 
push-fit plug gage with the part mounted on the 
surface plate. The "V" block will hold the part 



perpendicular. Slowly pass the indicating height 
gage over one end of the plug gage until you 
obtain a zero reading. Pass the indicator over 
the other end of the plug gage and obtain that 
reading. The difference in the two readings 
indicates whether the hole is perpendicular to 
ihe axis or not. 

8-22. Vernier Bevel Protractor. The 
vernier bevel protractor is somewhat similar to 
the bevel protractor you used with a 
combination set. Although there are differences 
in the arrangement of the parts, it serves the 
same purpose, the measurement of angles. 
Because of the vernier scale you can v.*e the 
vernier bevel protractor to measure parts of 
degrees accurately. You can measure angles to 
an accuracy of 1/12 degree, or 5 minutes. 

8-23. Reading the vernier protractor scale. 
We have discussed the reading of vernier scales 
in earlier paragraphs. Therefore, it should be 
easy to learn to read the protractor scale. The 
vernier principles are the same.. The basic 
difference is that the protractor scales are laid 
out in the form of a circle and graduated in 
degrees and minutes. The main scale is 
graduated into 3*60 divisions of 1° each. The 
scale is divided into fpur quadrants of 90° each. 
The degrees in each quadrant are numbered 
from zero to 90 so that there are two zeroes and 
two 90° positions on the scale. The zdro line 
which is an imaginary line passing through both 
zeroes is perpendicular to the, base of the 
protractor. The line passing through Hhe 9C£_ 
position is parallel to the base. The base»\vhich 
is a'straight line, represents a straight angle or 
180°. Since all angles measured are referenced 
to the straight angle of the base, they are 
supplementary angles. For example* if one side 
of ihe blade makes an angle of 60°, the other 
side of the blade will jnake the supplement of 
60° ♦ which is 120°. Supplementary angles 
always add up to 180°. To determine which 
side of the blade represents the reading, you 
simply observe the angle. If it is an acute angle 
♦UeSs thali 90°), you read the side of the blade 
thai repiesents an acute angle. If the angle is an 
obtusc-a^gle (over 90°) you read the side of the 
bladLe that represents the obtuse angle. 

8-24. The vernier scale has a zero, line in the 
t " center and 12 lines on each side. Since the 
vernier is used to read fractions of degrees, in 
terms of minures, the scale consists of 60 
minuses on each side of x the zero index. The 
* yenuer sca lc graduations each represent 5 
^minves. Every third g/aduation is identified by 
a number such*as 15» 30, 45, and 60. When you 
read the scale, the vernier zero index line is the 
reference point. If the vernier zero index alines 
with a degree graduation on the main scale, you 
do not use the vernier scale. You then read the 



angle directly from the main scale at the vernier 
index. When the zero index of the vernier scale 
does not aline with a degree mark, you read the 
minutes from the vernier scale. If the vernier 
index is positioned to the right of the main 
scale zero, you use the right-hand vernier scale. 
The key to the use of the vernier protractor 
scale is the position of the vernier zero. You 
must note whether it is to the right or the left of. 
the zero graduation on the main scale. Care 
must be taken in using the vernier protractor 
not to read or record the complimentary 
instead of the actual angle you are measuring. 
Tfiis is especially true of angles approaching 
45°. 

8-25. Acute angle attachment. The acute 
angle attachment is provided to permit a longer 
line of contact on parts thai have small angles. 
Generally, the acute angle attachment is used 
foV measuring angles less than 30°. For 
example, suppose you want to check an angle of 
18° 15'. The reference plane is now the acute 
angle attachment. The reading on the 
protractor scale is now the supplement of the 
angle between the attachment and the blade. 

8-26. Precision Gage Blocks. A precision 
gage block is a piece of alloy steel that has been 
carefully prepared in length to represent a 
particular dimension. A standard length of 
measurement is engraved on each block. 
Precision gage blocks come in sets consisting of 
many blocks, each with a different dimension, 
in addition to each individual dimension, you 
can construct other dimensions with a set of 
blocks. 

8-27. Gage block sets. Gage block sets 
usually consist of from 5 to 103 blocks of 
various lengths, each set is supplied with a 
fitted hardwood case. The case keeps the gage 
block* neatly arranged for easy selection, as 
well as to protect them from damage. Gag*e 
blocks are manufactured in various degrees of 
accuracy. The highest gra<j£ is grand master or 
grade AA. These blocks are manufactured to an 
accuracy of two millionths (0.000002) of an 
inch to an inch of length. Grade A blocks have 
an accuracy of six millionths of an inch in 
blocks of one inch and longer and two 
millionths of an inch accuracy for blocks under 
one inch. The blocks you will most probably 
use are Grade B. They are kno\yn as the 
working blocks. These are manufactured within 
a length tolerance of plus ten millionths 
(0.0000 10") and minus six millionths 
(0.000006") tolerance. Each block has its 
deviation from the nominal size engraved on 
the block. 

8-28. Using gage blocks. When you use the 
gage blocks, it r necessary for you to select the 
combination of blocks to give you the 
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Figure 1 1 . Wringing Oui Gage Blocks. 

dimension required. You simply select the 
proper blocks from the set that totals to the 
dimension you require. Usually, you start 
selecting from the larger blocks and add to the 
smaller ones to obtain the dimension, using as 
few blocks as you can. Once you have selected a 
stack of blocks, you must then properly stack 
them. Much of their precision depends upop 
the way they are stacked. The correct method ot 
joining them together is called "wringing. 

8-29. Be sure that the gage blocks are 
absolutely clean of any foreign matter when 
they are in use. v Also, be sure that your hands 
are clean and free of oil or dirt. Grease-soiled 
hands are rarely free of grit. Grit is harmful to 




Figure 12. Precision Angle Mock Sei. 



gage blocks. Avoid -touching the gage block 
gaging surfaces with the hands as much as 
possible. Moisture in the hands contains an 
acid which induces rust. Keep surfaces and 
parts clean where they come into contact with 
the gage block gaging surfaces. 

8-30. You are now ready to wring the stack 
. of blocks together. Bring the blocks lightly 
together in a circular motion, as .shown in 
figure 1 1 . This will detect the presence of nicks 
or dirt. If a nick or dirt is present, it will result 
in a slightly gritty feeling rather than a smooth 
action. Further wringing should not be 
attempted until the condition is remedied. If 
the wringing produces a smooth action, slide 
the top block half way off the lower block. 
Apply a light pressure and follow by sliding the 
block into full contact under light pressure. In 
this position they are properly wrung together 
and ready Tor use. Properly wrung stacks of 
gage blocks will adhere to each other enough to 
defy the force of gravity. 

8-31 Gage blocks have many uses in the 
machine shop. One of the primary uses is to 
check other gaging devices. You can use them 
as standards for checking the calibration of 
such instruments as a micrometer and vernier 
caliper and height gage. Also, you use them as 
the standard for" setting comparison 
instruments. You will use them, too, for setting 
up toolmaker's buttons and sine bars. 

8-32. Precision Angle Blocks. Precision 
angle blocks provide a means of precision 
angular measurement, much in. the same 
manner as gage blocks for linear measurement. 
Precision angle blocks are manufactured to an 
accuracy of 1/4 second where this degree of 
precision is required. Working sets of precision 
angle blocks usually have an accuracy within 1 
second arc of accuracy. 

8-33. Angle- block sets. A precision angle 
block set is illustrated in figure 12. A set of 16 
precision angle blocks will make up to 356, 
400 angles in steps of 1 second. The accuracy is 
measured to a millionth part of a circle. All 
precision angle blocks have three common 
dimensions. The length of the base is 4 inches. 
The width of the gaging face is 5/8 inch. The 
dimension at the small end is 1/4 irrch. 

8-34. Use of angle blocks. You can use the 
angle gage blocks to obtain desired angles. In 
selecting the angle gage blocks, jou can select 
them to add or to subtract to obtain the desired 
angle. As mentioned earlier, you use the 
precision angle blocks much in the same 
manner as precision gage blocks. They are 
"wrung" together and adhere as effectively. 
Small angles are usually more quickly 
constructed and are more accurate than sine 
bars or sine plates. Also," for some angular 
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Figure 13. Sine Bars, 

surface plate work, angle blocks can be used for 
precision indexing aud checking angular areas 
not accessible for sine bars. You may also use 
angle gage blocks to check the accuracy of 
settings for sine bars and sine plates. 

8-35. Sine Bars- A sine bar is a precisely 
machined tool steel bar which is used in 
conjunction with two steel cylinders. In the 
type shown in figure 13, the cylinders establish 
a precise distance of either 5 inches or 10 
inches from the center of one to the Center of 
the other, depending upon the model used. The 
bar itself has accurately machined parallel sides 
and the axes of the two cylinders are parallel to 
the adjacent sides of the bar within a close 
tolerance. Equally close tolerance^ control the 
cylinder roundness and freedom from taper. 
The slots or holes in the bar are provided for 
convenient clamping of work pieces to the bar. 
Although the illustrated bars are typical, there 
is a "wide variety of specialized shapes, widths, 
and thicknesses, 

8-36. How to set up a sine bat. Tne sine bar 



itself is very easy to set up and use. You do 
need to have>a basic knowledge of trigonometry 
to understand how it works. When a sine bar is 
set-up it always forms a right triangle. A ngnt 
triangle is a triangle which has one 90° angle. 
The base of the triangle formed by the sine bar 
is the surface plate, as shown in figure 14. The 
side opposite is made up of the gage blocks that 
raise one end of the sine bar. The hypotenuse is 
always formed by the sine bar, as shown in 
figure 14. The height of the gage block setting 
may be found in two ways. The first method is 
to multiply the sine of the angle needed by the 
length of the sine bar. The sine bar of the angle 
may be found in any table of natural 
trigonometric functions. The second method is 
by using a table of sine bar constants. " For 
example, if you had to set a 10-inch sine bar to 
check a 30° 5' angle on a part, you would first 
go to a table of natural trigonometric functions 
and find the sine of 30° 5'. Then multiply by 10 
inches: .50126 X 10 = S.OJJL&^-which would 
be the height to thtr-ga*ge^blocks. 



8-37. Care of the sine bar. Although \\nc 
bars have the appearance of being rugged, they 
should receive the samfc care as gage blocks. 
Because of the nature of their use/ in 
conjunction with other tools or parts which are 
heavy, they are subject to rough usage. 
Scratches, nicks and burrs shouJd^be removed 
or repaired. They should be kept clean trom 
abrasive dirt, sweat, and other corrosive agents. 
Regular inspection of the sine bar will locate 
such defects before they are able to affect its 
accuracy. When they are stored for extended 
periods, all bare metal surfaces should be 
cleaned and then covered with a light film oi 
oil. Placing a cover over the sine or table will 
further prevent accidental damage and 
discourage corrosion. 
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9. Care of Precision Instruments 

9*1. As modern production becomes more 
demanding with respect to accuracy, gages and 
measuring tools become more and more 
important in manufacturing. As tolerances 'or 
permitted variations in dimensions become 
smaller, gage tolerances, usually a small 
fraction of product tolerances, also become 
smaller. Not only does the higher accuracy 
demand gages of greater ability, but it requires 
also a more skillful use, meticulous care, and 
proper maintenance for a reasonable assurance 
of quality control. New and better ways of 
measuring and checking are incorporated as 
fast as they prove feasible. In the meantime, 
however, it is necessary that the present devices 
be made to the greatest possible accuracy -and 
used in the most effective manner. 

9-2. instruments expected to perform such 
delicate and important tasks, as determining 
sizes and shapes within thousandths and 
sometimes millionths of an inch, certainly 
deserve the utmost care in respect to 
cleanliness. Although all gages are constructed 
of materials that provide the hardest contact 
surfaces for the greatest stability of accuracy, 



dirt retrains the most prevalent cause of 
excessive* wear. Most gages, to accomplish their 
purpose, make a physical contact with the 
surfaces being checked. In most all these 
contacts friction is present, such as sliding a 
snag gage over a shaft, or a plug gage into a 
hole. A close analysis of the film normally 
present on the surface of both the gage and the 
part being checked will show a large content of 
abrasives. Thus, through use in the presence of 
abrasive dirt, the surfaces of the gage are 
continually wearing away and destroying the 
accuracy with which it was credited when new. 
Obviously, if the abrasive laden dirt is 
eliminated, life and performance of each 
instrument are greatly preserved. 

9-3. Measuring tools and gages should be 
provided with a storage area where dirt and 
dust will not accumulate. Also, to avoid rust, 
the temperature variations should not be 
excessive and relative humidity should never 
exceed fifty percent. If such an area is not 
available, all exposed steel surfaces of tools and 
gages should be -covered with a corrosion 
preventive coating of lubricating oil, 
Specification M1L-I-35-3, when not in use. 



45 



ERJC 



O J 



CHAPTER 3 



Lubricants, Coolants, and Fluids 



"WHEELS MAKE THE world go round." 
Although this is not true in the literal sense of 
the word, wheels do play an important role. In 
order for a wheel or any other object such as a 
gear, cog, shaft, or pulley to turn properly, it 
must have some form of lubrication. 

2. Lubrication may be in the form of grease 
or oil for moving machine parts, hydraulic fluid 
for control surfaces of high performance 
aircraft, or a cutting and cooling oil for use in 
machining other metal parts. In this chapter we 
discuss each of these lubricants and their uses 
in an Air Force machine shop. 

10. Lubrication 

10-1. In every machine shop, bearings of one 
kind or another are without number. There are 
bearings which revolve high speed spindles and 
slow turning trunnions, and bearings which 
guide delicate mechanisms or support heavy 
masses, and they all have to be lubricated. In 
the machine shop the machinist is concerned 
with the lubrication of the equipment or of 
sortie mechanism he may be building. 
Therefore, the failure to properly lubricate the 
equipment may cause machine failures which, 
in rum, will hold 'up production and 
maintenance work. You can readily see that 
lubrication is highly important in the machine 
shop. 

20-2. Bearing and Their Lubrication. 
Bearings, in the broad sense, are supports or 
guides for the moving part of machines, 
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Figure 15 Ground Metallic Surfaces. 



engines, and shaftings. The various types are 
known as plain bearings of the radial, thrust, or 
slipper types; and antifriction, consisting of 
both ball and roller bearings, each of which 
may be of the radial or thrust bearing type. The 
efficiency of all machine topis depends in a 
large measure upon the ability of these parts to 
operate without loss of power, excessive wear, 
or high maintenance cost. The most important 
cause of inefficiency is friction. Friction is 
defined simply as resistance to motion. Suppose 
for example, that two fiat metallic surfaces rest 
one on the other, as shown in figure 15. It 
would appear that smoothly ground surfaces, 
such as these, would offer little or no resistance 
to the movement of one over the other. When 
these surfaces are greatly magnified, however, 
they are fcund to be made up of many 
microscopic irregularities, such as the hills and 
valleys shown on the flat plates in figure 16A. 
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Figure 16. Magnified Ground Surface*. 



The interlocking of the irregularities produces 
a definite resistance to the motion eft one 
surface over the other. The force necessary to 
start movement is great. After the movement is 
underway, the force required for continued 
motion is less because inertia prevents the 
moving surface from dropping into another 
interlocking position. This condition would 
exist in a slipper bearing operated without 
lubricant. The result would be the destruction 
of the rubbing surfaces. By placing a film of oil 
between the bearings, as shown in figure 16B, 
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FIANGED SRONZE BEARING ' 
Figure 17 Plain Bearings. 

you can see that the two surfaces are separated 
from eaeh other, thus preventing the surface 
irregularities from interlocking and allowing 
one pieee to slide over the other more easily. 



metallic surfaces a fluid or plastic medium in 
the form of a lubricating film which separates 
the surfaees enough to prevent metallic contact. 
Figure 17 shows some of the more common 
types of plain friction bearings. They are used 
in machine tools, airframes, engines, trunnions* 
connecting rods, and control rods. The 
materiaLthey are made of is hard enough to 
take wear, yet softer than the shafts with which 
they make contact. 

10-3. Ball and Roller Bearing 
Lubrication. The use of antifriction bearings is 
steadily increasing on all types of machinery. 
Antifriction bearings offer less resistance to 
starting motion, Their motion* instead of a 
sliding motion* is theoretically a rolling 
motion. A ball bearing consists of an outer race 
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The primary purpose of lubrication in plain 
bearings is to introduce between moving 
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and an inner race separated by freely moving 
balls, as shown in figure 18. The outer race may^ 
be fixed to the bearing housing, in which case 
the inner race is mounted to the rotating shaft. 
Another type of antifriction bearing, which uses 
balls to roll on is a ball bearing thrust bearing* 
as shown in figure 19. The substitution of 
rolling motion for the sliding motion of plain 
bearings lessens the friction or resistance 
resulting from the contacting surfaces. In roller 
bearings, cylindrical or tapered rollers are 
employed instead of balls* as shown in figure 
20. Antifriction bearings have a longer life than 
plain bearings. The problem in the lubrication 
of antifriction bearings is not the actual 
lubrication as much as it is the prevention of 
abrasion* corrosion, and the accumulation of 
harmful deposits. Abrasion is prevented by a 
grease that forms a seal between the shaft and 
bearing housing which excludes dust and grit. 
Antifriction bearing may be lubricated either 
bv oil or grease. Bearings that are lubricated by 
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oil are open so that the oil can get to the balls 
or rollers and races. Usually, the type that is 
lubricated with grease is the sealed type in 
which the sides of the bearing have scaling rings 
that hold the grease in and around the balls and 
races. 

10-4. Types* of Oiling System*. There are 
four basic types of oiling systems which we 
discuss: circulation, splash, bath, and ring and 
chain. 

</. Circulation. This system is employed on 
pnctically all types of automotive and aircralt 
4 engines, as well as on a variety of machine 
joe Is. This type of oiling is used when 
lubrication is critical and when a large volume 
of oil is required for cooling, as well as for 
lubrication. The oil is pumped to the parts of 
the machinery by an oil pump, which is usually 
built into the machine. 

b. Splash. This system is found on many 
types ofmachinery. The oil is contained in a 
gear housing on most machine 'tools and the 
gear teeth dip into the oil and splash it over the 
part-, needing the lubrication. It then drains 
back to the sump or bottom of the housing 
where it is reused. 

c Bath. Frequently, this system is employed 
tor the lubrication of thrust bearings or vertical 
step bearings. In this method the bearings are 
always submerged in oil, which provides 
cooling as well as lubrication. 

d. Ring and chain. In this system the oil is 
carried from a reservoir in the bearing housing 
to the top of the bearing by means of rotating 
rings or chains which revolve loosely on the 
revolving journal. The ring and chain oiling 
system is often found on low speed machinery. 



10-5. Oiling Devices. A number of different 
methods of getting the lubricant to the moving 
parts of the machinery may be used. We briefly 
discuss some of these methods. 

</. Drop-feed cups. Drop-feed cups supply a 
regulated gravity feed of lubricant to pails' of 
many machines. 

Ik Wick-leecl. Wick-feed oilers use the 
principle ol capillary action from a reservoir 
through the wick to the bearing surface. 

c. Bottle. Bottle oilers differ from the 
ordinary drop-feed and wick-feed uHers in that 
they supply a more continuous, though 
extremely small, amount of oil to the bearing 
during the intervals when they are feeding. 

10-6. Characteristics of Good Lubricating 
Oils. The following are some of the 
characteristics that go to make up good 
lubricating oils. 

High chemical stability. " 
Rapid separation from water. 
Maximum resistance to detrimental 
influence of impurities. 
Maximum film strength and lubrication. 
Minimum variation in viscosity with 
temperature changes. 

10-7. Grease Lubricants. Under certain 
eonditions the plastic nature qjLa soap- 
thickened oil is preferable to the oil itself. Such 
a mixture of oil and soap make up greases. The 
resulting lubricant is capable of forming a' 
plastic lubricating flim, thus minimizing 
friction, wear, loss of power, and leakage. 
Grease is use.! on various friction and 
antifriction bearings. Note some of the tvpes of 
greases in the following paragraphs. 

10-8. Lime-soap ureases. These greases are 
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commonly known as cup greases and they are 
recognized by their smooth texture. Every lime- 
soap grease is essentially an emulsion of oil and 
lime-soap These greases are excellent under 
conditions where the operating temperature is 
not high, where there is frequent application, 
and where there is no excessive churning 
action. 

10-9. Soda-soap xrecMct. These greases are 
noted tor their fibrous texture. They can 
withstand higher temperatures and are less 
likely to separate from agitation or churning. 
The\ have good resistance to oxidation and 
deterioration. Soda-soap greases emulsify with 
water and iheir use is impractical in or around 
water. 

10-IU. Metattu-soap greases. These greases 
are specialty products ot a very adhesive nature. 
Because ihey lorm an exceptionally sticky 
lubricant, they are suitable lor service where 
only small quantities of lubricant may be used 
to prevent throwing, or dripping. 

10-11. Solid Lubricants. Such solids as 
graphite, molybdenum disulfide, lead, babbit, 
silver, or metallic oxides arc often used as 
lubricants. Though most of ihem are used in 
conjunction with fluid or grease, they can be 
and often are the only means of lubrication. 
They have certain inherent limitations that 
must be considered. First, is their inability to 
carry away heat. Second, they cannot be reused 
or replace themselves as do oils and greases. 
Third, they cannot be applied as oil and grease 
are. They must be bonded to the bearing 
surfaces by plating, fusing, or by chemical or 
thermal deposition. 

10-12 Machine Tool Lubrication. , All 
machine tools have definite lubrication 
requirements for such things as spindle 
bearings, work heads, ways, lead screws, 
gearing, and various bearings in general. All 
these require lubricants with the proper 
chemical stability, proper viscosity of oil or 
consistency of grease, and high film strength. 
Because there are so many oil companies 
refining lubricating oils and greases under so 
many different trade names, it is difficult to 
make any recommendations on the kind of oil 
or grease to use bn the operating parts of 
machine tools For this reason it is always best 
to consult the operator's manual on the 
lubrication needs of the machine. Usually, the 
lubricant recommendations are very general in 
the operator's manual, while each oil company 
recommends a specific brand of lubricant.' It is 
up to the machinist to convert the general 
lubricant specification from the operator's 
manual to a corresponding specification as 
listed by the manufacturer. Oils and greases are 



also made by oil companies to meet certain 
specifications as set down by the government. 

11. Hydraulic Fluids 

I 1-1. More, and more machine tool 
manufacturers are using hydraulic power to 
operate practically every type of machine. This 
is due largely to the flexibility, smoothness, and 
simplicity with which hydraulic power may be 
applied. Many complex controls on various 
machine tools may be greatly improved and 
simplified by the use of hydraulic actuation. 
For example, some of these controls are found 
in hydro-shift lathes, in which the speed may be 
changed while the machine is still running. 
Other advantages of hydraulic controls in 
machines are rapid tool approach, rapid tool 
return, and smooth vibrationless action, which 
is not affected by changes in loads, Cushioning 
effect, which often tends to improve surface 
finish, is still another advantage of 
hydraulically controlled machines. These are 
just a few of the many advantages of hydraulic 
power. These various machines employing 
hydraulic power need to b<f serviced. Extreme 
care sKould be used in changing or adfling to 
the hydraulic fluids of these machines. Be sure 
to always check the operator's manuals for the 
proper type of hydraulic fluid. The use of 
improper fluids can cause severe damage to the 
seals in the machine and render the machine 
useless until repairs can be made. 

I 1-2. Types of Hydraulic Fluids. There are 
several types of fluids which are used in 
hydraulic equipment. They are referred to as 
"hydraulic fluids" and "cleaning agents." 

11-3. Petroleum-base fluid. One petroleum- 
base fluid is specified by MlL-H-.^606. 
Petroleum-base fluid (5606) is dyed rei for 
easy identification. It is generally supplied in 1- 
quart and 1 -gallon containers and is available 
in one grade only. This one grade has an 
operating range of -65° F. (-53.9° C.) to 
+275° F. ( 1 35° C). The advantage of this wide 
operating range is the ability of the fluid to 
perform adequately in summer and winter 
temperatures. The seals required with the 
petroleum-base fluid may be synthetic rubber, 
leather, or metal compo$ition. 

11-4. Vegetable-base fluid. Vegetable-base 
fluid, Specification MlL-H-7644. as it is 
presently known, was widely used in hydraulic 
systems using natural rubber seals. It las a 
bluish color, readily distinguishable from the 
petroleum-base type. However, this vegetable- 
base fluid is becoming obsolete. 

1-1-5, Synthetic-base fluid. Some of the 
hydraulic systems used in high-speed 
supersonic aircraft require specially developed 
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hydraulic fluids that have an operating range of 
abnormally high temperature. The main 
reasons for using this type of fluid are the close 
tolerances of the variable actuating units, the 
specially designed metering valves, and the 
overall heat generated by the supersonic speed 
of the aircraft. 

11- 6. Storage of Hydraulic Fluids. 
Hydraulic fluids should be stored in the same 
way as all flammable liquids. Care should be 
taken to prevent contamination. Cans that have 
been opened should be properly sealed to 
insure that the fluid will not be contaminated. 
Water, metal chips, dust, and other solids, if 
induced into the hydraulic system, could cause 
damage. Fluids should also be stored in 
properly marked containers. 

12. Cutting Lubricants 

and Coolants \ 

12- 1. The primary purpose of a coolant is to 
carry away cutting tool heat. The various 
chemically active cutting fluids also reduce the 
cutting forces and thus ease the machining of 
metals. Operations that are performed at high 
speeds can benefit from a cutting fluid. High 
cutting speeds generate high temperatures at the 
tool point which causes the tool to lose its 
hardness. The use of coolants permits higher 
cutting speeds without increased tool 
temperature. In machining operations there are 

. two methods of introducing cutting lubricants 
or coolants to the work. The most common 
method is the "conventional method 0 in which 
an abundance of coolant is flooded over the 
entire work and tool surfaces, as shown in 
figure 21. A disadvantage of this method in 
some cases is that the fluid cannot be applied 
close enough to the chip interface to perform its 
cooling function. Another method is the "jet 
cooling" application of cutting fluid to the 
work and tool, as shown in figure 22. The 
theory behind this method is that the coolant is 
forced to the cutting edge of the tool and 
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Figure 21 Conventional Method of Cooling 
a Cutting Tool 



STREAttOF 
COOLANT 




WORK 



1 — J,ET NOZZLES 

53 617 



Figure 22 Jot Method ol Cooling a Tool. 

interface of the chip to reduce tool tip 
temperature. 

12-2. Cutting Oils and Emulsions. There 
are no hard and fast rules for the type of cutting 
fluid to use; an actual test with the tool or 
operation and material is by far the best test. 
The following general types of cutting oil and 
emulsions are used in most machine tool 
operations. 

12-3. Sulphurized oils. The development of 
sulphurized oils was a great step forward in the 
development of cutting oils. One point about 
sulphurized oil that makes it useful as a cutting 
oil is that it helps to prevent the tendency 
toward welding of the chip to the tool tip and 
the consequent scuffing of work and tool 
deterioration. 

12-4. Chlorinated oils. Chlorinated oils, like 
sulphurized oils, have a wide range of uses. 
Since they have low viscosity, many machinists 
feel that light bodied oils are better coolants 
and penetrants. These oils are not as well 
established as the sulphurized oils. 

12-5. Soluble oils. Soluble oil products, 
when mixed with water for emulsions, have 
been widely used in machining operations. This 
type of coolant has proved very satisfactory for 
lathe and milling machine work where cooling 
is an important factor. Some machining 
operations benefit by a combination cuttinp oil 
and coolant where the reduction of tool wear 
and a cooling action are necessary. Most 
manufacturers of water-oil emulsion coolants 
add a rust inhibitor to the solution to prevent 
rusting of machine part due to the water in the 
coolant. 

12-6. Lard oils. Lard oil was widely used in 
the past, but with the development of 
sulphurized and other treated oils, it has 
gradually lost out in popularity. It may still be 
preferable for some turning operations, such as 
th r eading, but any fluid fatty oil, such as peanut 
oil or olive oil, will do just as well. Also, it may 
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be used as a coolant with water by adding sal 
soda to emulsify the solution, but then it has a 
disadvantage in that the coolant becomes 
rancid with age. 

12-7. General Recommendations for 
Cutting Fluids. As was stated earlier, no hard 
and fast rules can be applied to the selection of 
cutting fluids. The selection of the type of fluid 
depends upv>n the machinability of the metal 
and various other factors. The following 
recommendations are made as a general guide 
in the selection of cutting fluids: 

a. Steel: If soluble oil is suitable, use a. 
mixture of I part of otl and 10 to 20 parts of 
water. If the soluble oil tends to corrode the 
work, mineral oil may be preferable. For steels 
that take a great deal of tool pressure to cut, a 
sulphurized oil may be used. In cutting hard 
steel a chlorinated oil may be preferable. 

b. Brass. SolubUypil or a mineral-lard oil are 
used for brass. Iir some cases a cutting oil 



would be preferable because of its lubrication. 
Brass castings are usually machined dry 

c. Monel Metal: Emu'sions usually give a 
much longer tool life. Sulphurized oils tend to 
aid in breaking of the chip and this may be 
preferable in some case?;. 

rf. Aluminum Alloys: For many machining 
operations soluble oil is good. There are many 
recommendations for cutting fluids to be used 
on aluminum. 

Here are thre^ recommendations: 
(I) 90 percent kerosene and 10 percent 
mineral oil to 50 percent kerosene and 50 
percent mineral oil, (2) 85 percent soluble oil 
and 15 percent kerosene, and (3) 50 percent 
kerosene, 40 percent lard-oil and 10 percent 
chlorinated solvent. 

e. Cast iron: Cast is usually machined dry. 
However, soluble oil emulsions may be used to 
hold down, the amount of dust around the 
machjne. 
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CHAPTER 4 



Metallurgy 



2.1 



THE SELECTION OF ihe proper metal is one 
of the mosi imporiani steps in ihe manufacture 
of tools or parts. You must consider tooling, 
fabrication, and the available equipment* as 
well as the intendec^use or function of the tool 
or part. Metals mdy^ be selected for such 
mechanical properties as strength or toughness. 
Of course, the chemical composition of the 
metal controls its mechanical properties. These 
properties may be changed by heat treatment. 
In Chapter 4 we discuss the (J) properties and 
characteristics O of metals, (2) identification, (3) 
effects of heal treatment. (4) hardness testing, 
(5) machinability of metals, (6) nondestructive 
inspection, and (7) corrosion control and 
plating. 

13. Properties and Characteristics 
of Metals 

13-1. The machinist is much more 
concerned with the mechanical than the 
physical properties of metals. In our discussion 
of the characteristics of metals, we limn our 
remarks to chemicaF composition. 

13-2. Properties of Metals. The internal 
reactions of a metal to external forces are 
known as mechanical properties. The 
mechanical properties are directly related to 
each other, A change in one properly usually 
causes a change in one or more additional 
properties. For example, if you increase the 
hardness of a metal, the brittleness usually 
increases and the toughness usually decreases. 

13-3. We briefly review the mechanical 
properties of metals prior to discussing their 
composition; 

a. Hardness. Hardness is the resistance a 
substance offers to deformation or penetration. 
The hardness of a metal can usually be 
controlled by heat treatment. 
s b. Tensile strength. Tensile strength is the 
resistance that a substance offers to being 
pulled apart by a slowly applied Icftd. Tensile 
strength increases or decreases as the hardness 
increases or decreases. The tensile strength of 



metal is usually stated as pounds per square 
inch of cross-sectional area. 

c Brittleness, Brittleness is the tendency of a 
material to fracture or break with hi tic or no 
deformation, bending, or twisting. Brittleness is 
usually not a desirable mechanical property. 
Normally, the harder the metal, the innro brittle 
it is. 

d. Shear strength. Shear strength is the 
resistance to an action similar to the tutting of 
a pair ol scissors. A shear action is a force 
acting in a tangential manner vshch lends to 
cause ihe particles of a body to Midc over each 
other. The shear, strength of steel is 
approximately 60 percent of the tensile 
strength. Shear strength can be controlled in 
the same manner as tensile strength, i.e., In- 
varying the hardness of the metal. 

c. Ductility. Ductili^ is the ability of a 
substance to be elongated without breaking. 
Metals that are comparatively soft are usually 
ductile. 

/. Toughness. Toughness is the ability ol a 
material to absorb sudden shock without 
breaking. Usually, the harder the material, the 
less lough it is. 

Wear resistance. Weai resistance is the 
* ability of a substance to resist the cutting or 
abrasive action resulting from a sliding motion 
between two surfaces under pressure. A hard 
material usually has good wear resistance. 

It. Stress. Stress is the reaction within a 
material to an externally applied torce. 

i. Strain. Strain is the change in the length 
per unit of length within a material subjected to 
a stress. 

13-4. Characteristics of Metal. The 
composition of a metal (the chemical 
composition and ih£>" grain structure ) 
determines the properties of the metal, the 
properties that can be changed, the amount of 
change that can be made, and ttie methods by 
which changes can be made. A know ledge ot 
the composition of metal will help you 
determine the type of metal to use lor a specific 
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application ai\d the heat treatment required 10 
obtain the desired mechanical properties. 

13-5. There is no way that a piece of copper 
can be made as strong as a piece of alloy steel, 
and there are limits to the properties that can 
be developed in any metal or alloy by heat 
treatment. A metal that permits the required 
properties to be obtained must be selected. The 
chemical composition refers to the elements, 
and the exact percentage of each element, that a ' 
metal consists of. The chemical composition is 
often referred to as the chemical analysis or, ' 
more simply, as the analysis The chemical 
composition of a metal determines the grain 
structure and the properties which can be 
developed in the metal. Metal may be in the 
form of a. (I) pure mem I. (2) mechanical 
mixture, (3) solid solution, or (4) combination 
of a mechanical mixture and a solid solution. „ 

13-6. Pure metal. Pure metals are rarely used 
outside of laboratories. A pure metal cannot be 
hardened .by heat treatment because there is 
little change in its structure when it is heated. 

13-7. Mechanical mixture. A mechanical 
mixture can be compared to concrete. Just as 
the sand and gravel are visible and held in place 
by the cement, the elements and compounds in 
a mechanical mixture are clearly visible and 
are held together by a matrix of base metal. An 
alloy in the form of a mechanical mixture at 
room temperature may change to a solid 
solution or to a partial solid solution when it is 
heated. When it is cooled to room temperature 
the alloy may return to its original structure, 
remain a solid solution, or form a combination 
of a solid solution and a mechanical rhixture. 

13-8. Solid sdluuon. When two or more 
metals are absorbed, one into rhe other, they 
form a solution. You are probably most 
familiar with liquid solutions, but solutions 
may also be gaseous or solid, When an alloy is 
in the form ot a solid solution, the elements and 
compounds tornnng the metal are absorbed 
into each other in much the same way that salt 
is dissolved in a glass of water. The separate 
elements tornnng the metal cannot be identified 
even under a ^ microscope. The solubility of 
various metals often increase^ when the 
temperature is increased. Thus, a metal in the 
form of a mechanical mixture at room 
temperature often goes into solution when it is 
heated. When it is cooled, a metal may remain 
in a solid solution, form a combination solid 
solution and mechanical mixture, or return to a 
mechanical mixture. 

13-9. Combination solid solution and 
mechanical mixture. An alloy which consists ol 
a combination, solid solution and mechanical 
mixture at room temperature may change to a 



solid solution when it is heated. Wheil it is 
cooled it may remain a solid solution, revert to 
its original form, or form a complex solution. 

14. Identification 

14-L Proper identification of a metal is 
necessary to insure that a locally manufactured 
item has the required properties. Unknown 
metals or metals that are not positively 
identified cannot be used. Various methods of 
identification and markings are used. 

14-2. Methods of Identification. We 
discussed the numerical codes and the a lor 
code in detail in CDC 53130, Volume I, 
Chapter 2. Spark testing an unknown metal is 
not accurate enough for the identification of 
metals. 

14-3. The most positive means of 
identification is by Military or Federal 
Specification Number. When metal is received 
in the shop, it is normally identified by a 
specification number, or by a Federal Stock 
Number that can be cross-referenced to a 
specification number. To insure that the metal 
remains properly identified, elich piece must be 
marked in accordance with Technical Order 
42D-I-3. 

14-4. Methods of Marking. One of the three 
marking methods which are listed in Technical 
Order 42D?-I— 3 must be used to mark metal 
that has not been marked in accordance with 
Federal or Military Standards by the 
manufacturer. In order of preference, the three 
approved methods are ( I ) stencil and paint. (2) 
color code, and (3) stamping with metal dies. 

14-5. Stencil. A stencil and white or black 
paint, whichever shows up better on the metal 
being marked, should be used whenever the size 
of the metal piece permits. The Federal or 
Military Specification ^Number should be 
stenciled on' the metal in vertically and 
horizontally alined rows. The. distance between 
the vertical rows should not exceed 36 inihes 
and the distance between the horizontal r>>ws 
should not exceed 10 inches. 

14-6% Color code. Several significant changes 
have been made in Technical Order 42D- I -3 
* pertaining to color codes. Two additional 
colors, goid and silver, have been added to the 
10 colors which are used to represent numerals 
and letters. Aeronautical Material Specification 
and Military 'Specification metals of aircraft 
quality require an additional stripe that 
indicates the condition or quality of the metal. 
Gold is used to represent the letter N and 
indicates a normalized temper. Silver is used to 
represent the letter Q and indicates aircraft 
quality. The commercial designatio is, 
American Iron and Steel Institute (AIM), 
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Society of Automotive Engineers (SAE), and 
Aluminum Association (AA) numbers are used 
as the designation numbers. The "stripes need 
not extend completely around the 
circumference of a rod or bar, instead, dots 
may now be used, provided that the dots extend 
a third of the distance around the rod and that 
dots are used on two sides. The color code 
marking is no longer required in the center of 
the bar. 

14- 7. Stamping. Stamping the specification^ 
number into the metal is permitted only when it 
is impossible to use the stencil or color code 
methods. It is usually necessary to cut or 
eliminate the marked portion of the metal prior 
to using the material for work stock. Therefore, 
the marking should be located where^aste will 
be held to a minimum. Gothic style numerals 
and letters should be used, the height may b§ 
1/16 inch, 1/8 inch, or 1/4 inch, depending 
upon the size of the material being marked. 

15. Effects of Heat Treatment 

15- 1. A machinist does not perform heat 
treating. He must, however, k.now the effects of 
he u- treatment and be able to specify the heat 
treatment required for metal parts. Most of the 
metals you work with in a machine shop are 
heat treated or will require heat treatment after 
machini ng. y 

I 5-2. (Jffeat Treatment of Ferrous Metals. 
All heat treating operations involve the heating 
and cooling of metals. The common forms of 
heat treatment for ferrous metals are hardening, 
tempering, annealing, normalizing, and case 
hardening. 

15-3. Hardening. A ferrous metal is 
normally hardened by heating the metal to the 
required temperature and then cooling it 
rapidly by plunging the hot metal into a 
quenching medium, such as oiK water, or brine. 
Most steels must be cooled rapidly to harden 
them. A few, however, can be. hardened by 
cooling in air. Hardening increases the 
hardness and strength . ( of the v . metal, but 
increases the brittleness. s 

I 5-4. Tempering. Steel is usually harder than 
necessary and too brittle for partical use after 
be ng hardened, and severe internal stresses are 
set up during the rapid cooling of the metal. 
Steel is tempered after being hardened to 
relieve the internal stresses and to reduce the 
bnttleness. Tempering consists of heating the 
metal to the required temperature and then 
permitting the metal to cool The rate of 
cooling usually has no effect on the metal 
structure' during the tempering operation. 
Therefore, the metal is usually permitted to 
cool in still air. The temperatures that are used 
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for tempering are normally much lower than 
the hardening temperatures. The higher the 
tempering temperature used, the softer the 
metal becomes. High-speed steel is one of the 
few metals that becomes harder instead of 
softer after it is tempered. 

15-5. Annealing. Metals" are annealed to 
relieve internal stresses, soften them, make 
them more ductile, and refine their grain 
structures. Metal is annealed by heating it to a 
prescribed temperature, holding the metal at 
that temperature for the required time, and then 
cooling it back to room temperature. The rate 
at which the metal is cooled from the annealing 
temperature varies greatly. Steel must be cooled 
very slowly to produce maximum softness. This 
can be done by burying the hot part in sand, 
ashes, or some other substance that does not 
conduct heat readily (packing), or by shutting 
off the furnace and allowing the furnace and 
part to cool together (furnace cooling). 

15-6. Normalizing. Ferrous metals are 
normalized to jelieve the internal stresses 
produced by machining, forging, bending, or 
welding. Normalized steels are harder and 
stronger than annealed steels. Steel is much 
tougher in the normalized condition th\in in 
any other condition. Parts that will he subjected 
to impact and parts that require maximum 
toughness and resistance to external stresses are 
usually normalized. Normalizing prior to 
hardening is beneficial in obtaining the desired 
hardness, provided that the hardening 
operation is performed correqtly. Low carbon 
steels do not usually require normalizing, but 
no harmful effects result if these steels are 
normalized. Normalizing is achieved by heating 
the metal to the required tem'perature (which is 
higher than either the hardening or annealing' 
temperatures), soaking the metal until it is 
uniformly heated, and cooling it in still air. 

15-7. Case hardening. Case hardening is an 
ideal heat treatment for parts which require a 
wcac-resistant surface and a tough core, such as 
gears, cams, cylinder sleeves, etc. The most 
common case .harden ing processes are 
carburizing andiiitriding. 

15-8. Heat Treatment of Xonferrous 
Metals. There are only two types of operations 
for nonferrous metals: annealing and heat 
treatment. Heat treajjment, when it is used with 
reference to nontefaous metals, means 
hardening. * 

15-9. Annealing. Most n*onferrous metals 
can be annealed. The annealing operation 
consists of heating the metal to the required 
temperature, soaking, and cooling to room 
temperature. The temperature and method of 
cooliup depend upon the type of metal. 
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Higurc 23 n ockwell Hardness Tester 
« » 

15-10. Heat treatment. There are two types, 
of heat treatment for nonferrous alloys: the 
solution treatment an$d the precipitation 
treatment. Some alloys require both types of 
treatment. Others require only the solution 
treatment 

15-11 The solution treatment consists ot 
heating (he alloy to the temperature at whisji 
the elements or principle elements' go into a 
solid solution, soaking until a uniform 
structure is obtained, and cooling at a rate fast 
enough *v> retain 'he solid* solution at room 
temperature. The solution temperatures differ 
for various alloys. 

15-1 2 A nonferrous alloy is in the form of a 
supersaturated solid solution after the solution 
treatment To obtain maximum hardness and 
strength. ih£ hardening constituent in excess of 
that which is soluble at room temperature must 
precipitate or leave the solid solution. 
Precipitation takes place at room temperature 



in' many alloys/Such alloys increase in hardness 
and strength upon standing, following the 
solution treatment. When precipitation is 
^complete and the alloy obtains full hardness 
and strength, the alloy is said to be age 
hardened or aged. Other alloys do nqt 
precipitate -at room temperature and must be 
given a second heat treatment called the 
precipitation treatment or artifical aging. 
Artificial aging is usually accomplished by 
heating the alloy to the required temperature, 
soaking until precipitation is completed, and 
then cooling' in air. Precipitation, whether it 
results from* artificial or natural aging, 
sometimes causes a deorease in corrosion 
resistance. 

16, Hardness Testing 

16-1. A,nvachinist does not perform hardness 
testing of metals, but, he should know the 
purpose and principle of Rockwell hardness 
testing, Hardness testing is a responsibility of 
the metals processing shop v The principle of 
.Rockwell hardness testing is based op the 
distance that a penetrator will penetrate a piepe 
of metal. 

16-2. The Rockwell hardness tester has been 
selected by the Air Force because it is simple to 
operate, it can test a great variety of metals of 
varying degrees of hardness, and it does not 
depend upon the judgment of the operator for 
accuracy. Figure 23 1 illustrates a Rockwell 
hardness tester, while Vigure 24 shows some of 
the attachments used with it. This tester uses the 
static principle and works on a leverage system 
When the lever shown on the right side of the 
base in figure 23 is tripped, a predetermined 
load or weight forces a penetrator into the 
metal being tested. The»hardness value, which 
depends upon the depth of penetration between 
the minor and major load, is indicated on the 
dial. The shallower the penetration, the higher 
the hardness number. The penetrator can be 
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cither a diamond or a hardened steel ball. The 
diamond, (Brale) has a sphero-conical shape (a 
c6ne with a rounded point) and is precision cut 
and polished. The standard steel balls are either 
1/16 Micluor 1/8 inch in diameter, while 1/4- 
inch' 6r 1/2-inch balls are used for specj^tests. 

16-3. Before the major load is applied, the 
test specimen must be securely locked in place 
to prevent slipping and to properly seat the 
anvil and penefator. To do this, a load of 10 
kilograms (approximately 22 pounds) is 
applied before the lever is tripped to apply the 
major loaci. This preliminary load i$ called the 
minor load. The minor load is 10 kilograms, 
regardless of the major load or the penetrator 
ifsecl. When the tester is set properly, the 
machine automatically applies the 10-kilogram 
minor load. 

J6-4. The load that is applied to force the 
penetrator, shown in figure 23, into the metal is 
known as the major l,oad and is measured in 
kilograms (1 kilogram is approximately 2.2 
pounds). The major load can be 60 kilograms, 
100 kilograms, or 150 kilograms, depending 
upon the material being tested. After the 
pointer has come to* rest, the hardness of the 
material can be read from the dial graduations. 
Figure 25 shows a dial face. 

16-5. LeVs suppose that a work order comes 
to your shop which required the fabrication of 
an aircraft replacement part. Your shop 
foreman turns the job over to you. You may 
work from a blueprint which specifies the 
required dimensions, type of metal, heat 
treatment, andliaraness, or you may find all of 
these specifications in a technical order. In any 
case, you select the specified type of metal and 
make the part. But the finished part may not 
possess the desired properties. For example, it 



may not be hard enough. Metal is usually 
furnished in a soft or annealed condition so 
that it can be machined. ThereO c. after you 
have finished making the part, >< .end it to the 
metals processing shop to be h, treated. The 
metals processing technician • cat treats it as 
specified in the blueprint oi eehnical order. 
Then he tests it to be-sure thnt the- specified 
hardness has been obtained. 

17. MUchinabilily of Mclal.s 

17-1. Many factors determine the 
machinability r f a material, such as its 
composition aiu grain structure and the heal 
treatment it has undergone. Some materials, 
such as 4 aluminum and magnesium,' are 
naturally more machinable than others. When 
the composition of 51 metal is altered by adding 
alloying elements, its m^Lphi liability may 
ch^ftge. When a large amount of sulphur ts 
added to carbon steel, it is easier to machine 
and* is known as a 'free cutung" ur "free 
machining" alloy (SAE— .1100 group). Adding 
tungsten, chromium, or nickel has the opposite 
etfect, and the alio) formed is more difficult 10 , 
machine. Some grain structures have a lower 
shear strength than others, and this makes them 
machine more easily. When'the grain structure 
is changed, by adding alloying elements or by 
heat treating, the machinability 'is changed also. 
A piece of hardened steel has a grain structure % 
that is more difficult to machine than the same 
piece after being annealed. As a general rule, 
nonferrous metals are relative!) easy to 
machine, the most notable exceptions being 
titanium and nickel. The machinability of a 
material 1ms a direct effect on the lite of tljf^^ 
cutting edge ot a tool, and. thus influences the 
design of the cut/ing tool. 

17-2. Metals Qan be rated according 10 their 
machinability. This is .sometimes done. Industry 
has not found it practical to develop 
machinability ratings as an aid to the machinist. 
From experience it has been lound that 
different groups of metals should be machined 
at speeds which fall within.different cutting foot 
speed ranges. The recommended cutting foot 
speed range is 80 to 110 (CFS) tor low carbon 
steels, 60 to 80 (CFS} for medium carbon 
steels, and 50 to 60 (CFS) for high carbon 
steels. These speeds emphasize the tact that the 
harder ,it is to machine a metal, the slower the 
speed at which it is machined. Cutting Toot 
speeds are listed in Machinery's Handbook and 
in any machinist handbook. The machinist 
compensates for dilferences in the 
machinability ot metals by regulating the speed 
at which a cutting tool cuts the mct.il and ihe 
rate ? at which it is fed into the work Other 
factors which you must consider are the type of 
I 



machining operation, such as drilling, boring, 
or reaming, and the type of cut, such as rough 
or finish Since there are so many variables, a 
machinabihty rating would not, help you in 
determining the most efficient speeds and feeds. 
This is something which you can only learn 
through actual experience 

18. Nondestructive Inspection 

.18-1. Nondestructive inspection is any form 
of inspection in which the part inspected is not 
damaged or destroyed. Visual inspection is an 
aid to nondestructive inspection. It is a quick 
and economical method of detecting small 
defects before they can cause failures. Its 
reliability depends upon (he ability and 
experience of the inspector. He must know how 
to search for structural failures and how r .o 
recognize areas where such failures are likely to 
occur. Defects that would otherwise escape the 
naked eye can often be detected with the aid of 
magnifiers. 

18-2. Visual inspection of materials, par's, 
and complete units is no longer the most 
important method of determining their 
condition. Various nondestructive inspections 
are used to detect variations in structure, 
changes in surface finish, and the presence of 
^physical detects. Although nondestructive 
^tftspection. AFSC 536X0. is a separate ladder 
of the metalworking career field, you should 
have a basic understanding of nondestructive 
.inspection methods. 

18-3. Nondestructive inspection (ND1) 
includes the preparation of metals and parts for 
testing. It also includes the use of the various 
methods magnetic particle, penetrant, 
ultrasonic, eddy current, conductivity meter, 
ultrasonic leak, and radiographic. 
Nondestructive inspection is concerned with 
the types, causes, and characte uics of 
discontinuities and defects. W is concerned v.* '. 
the conditions requiring inspection and the 
interpretation and evaluation of indications 
found by the various methods. 

1 8-4. For many years ND1 was practiced 
only in isolated cases and the methods used 
were crude and often unreliable. Critical parts 
were load tested, with an overload often 
applied* If a part could withstand a single cycle 
ot such a load, the conclusion was that it would 
be safe enough to use in service, 

18-5. Today, it is known that single, or static 
loads, are not always significant. Many parts 
are subjected to repeated loads and even 
reversing Scads. Under such circumstances, 
failures are produced progressively. Each 
applied load, or cycle, causes a small crack to 
progress and grows into a larger crack. In time 
the cross >ection carries the applied load and 



the part fails. This type of failure is called 
fatigue failure. Such failures can take place at 
stresses 30 to 40 percent lower than the tensile 
strength of the part. • * 

18-6. Fatigue cracks may develop from 
improper design of the part or from defects in 
the metal. It is also possible for fatigue failure 
to occur in parts that are well designed and 
made from sound material. This can occur 
because parts are sometimes subjected to 
accidental overloads. Such overloads may be 
caused by misuse or failure of other parts or 
components in the system which result in a 
redistribution of loads. The purpose of periodic 
NDl tests is to detect such fatigue cracks before 
complete failur^ of the part occurs. 

18-7. Training is extremely important in 
nondestructive inspection. Present 
nondestructive inspection methods are 
becoming more and more exacting. The 
importance of the decisions of the person who 
performs these inspections cannot be 
overemphasized. 

18-8. The physical location and supervisory 
control of nondestructive inspection equipment 
are important in insuring efficiency and 
economy in performing inspections. 
Nondestructive inspection equipment should be 
placed in one location and under /the 
supervision of one trained supervisor. 

18- 9. In field maintenance activities all parts 
that require inspection should be taken to an 
inspection laboratory. A central location 
prevents a duplication of expensive equipment 
and permits more efficient use of inspection 
personnel. The quality of inspection equipment 
maintenance is also improved since one trained 
person is responsible for carrying out the 
maintenance program. 

19, Corrosion Control and Plating 

19- 1. Corrosioh is of major importance to 
all Air Force maintenance personnel. Most 
metals are subject to corrosion, but corrosion 
can be minimized by the use of corrosion 
resistant metals, finishes, and plating. 

19-2. Corrosion Control* Corrosion is the 
deterioration of a metal by reaction to its 
environment. The corrosion occurs because of 
the tendency for most metals to return to their 
natural state. For example, iron in the presence 
of moist air reverts to its natural sate, iron 
oxide. Pure metals, such as gold and platinum, 
do not corrode since they are chemically 
uncombined in their natural state. Metals can 
.ilso be corroded by the direct reaction of the 
metal to a chemical. 

19-3. Identification of corrosion. Since 
corrosion always starts on the surface of a 



metal, you can often detect jt visually. To assist 
you in the interpretation of corrosion* we list 
some of the most common types. 

a. Pitting corrosion, the most common type 
found on aluminum and magnesium, results in 
a white or gray powdery deposit. When it is 
removed, small holes or pits arc visible on the 
surface. 

b. Intergranular corrosion is usually caused 
by imperfect heat treatment and attacks at the 
grain boundaries of a metal. All metal alloys 
are composed of minute grains, each having a 
different composition at the center than at the 
grain boundary. A small corrosion cell is 
established when an electrolyte is in contact 
with the metal surface, causing rapid corrosion 
at the grain boundaries. The intergranular 
corrosion appears as a bulky mass. 

c. Exfoliation corrosion is a form of 
intergranular corrosion. It starts at the surface 
and progresses along the grain boundaries 
under the surface of the metal. The expanding 
corrosion causes the surface of the metal to "lift 
up." 

d. Galvanic corrosion occurs when 
dissimilar metals are in contact. The electrical 
potential difference between the metals in the 
presence of an electrolyte establishes an 
electrochemical cell and corrosion occurs. This 
type may be recognized by the presence of a 
buildup of corrosion at the joint between the 
metals. The greater the electrical potential 
difference between the metals, the greater the 
resulting corrosion. 

e. Stress corrosion cracking is caused by the 
simultaneous effects of tensile stress and 
corrosion. When a metal is stressed to a degree 
within the critical stress range for that 
particular metal, corrosion will occur at the 

*point of stress concentration. The combination 
of the. corrosion and the concentrated stress 
causes the metal to crack. 

19-4. Prevention of corrosion. Scheduled 
inspection and preventive maintenance are 
essential tor the early correction of corrosion. 
The principal corrosion preventive which is 
used in airframe structures is aluminum alloy 
sheet coated with commercially pure aluminum 
(alclad). Alclad is more corrosion resistant 
than the nonclad high strength alloys. Other 
metals commonly used in airframe structures, 
such as nonclad high-strength aluminum alloys, 
steel, and magnesium^ alloys, require special 
preventive measures to guard against corrosion. 
Aluminum alloys, for example, arc usually 
anodized or chemically treated and painted. 
Steel, except most stainless steels, and other 
metals, such as brass and bronze, require 
cadmium or zinc plating, conversion" coating, 



paint, or all three, for protection. Magnesium 
alloys are highly susceptible m corrosion 
attack, especially in marine environment. These 
materials require special chemical treatment 
and paint finishes. 

19-5. The most vital factor in preventing 
corrosion, and one which can be controlled 
only by field personnel, is the removal of the 
electrolyte. The term "electrolyte" refers here 
to contaminating materials (moisture, scale, 
dirt,' grease, fluids, etc) which come in contact 
with the metal surfaces. The amount of 
corrosion is determined by the composition of 
the contamination, the type of metal, and the 
length of time the contaminant and the metal 
remain in contact. Corrosion can be reduced by 
more frequent cleaning. Anodic and chemical 
treatments, as well as proper paint finishes, 
should be applied in the critical areas to protect 
aluminum and magnesium alloys. The purpose 
of these coatings is to provide a barrier to, 
inhibit corrosion. 

19-6. Plating. One means of protecting a 
metal fronrcorrosion is to plate its surface with 
another more cojrosion-resistant metal. In 
some cases; the plating gives the metal a hard 
wear-resistant surface in addition to protection 
against corrosion. This is particularly true of 
chromium plating. Other metals used for 
plating are cadmium, copper, nickel, silver, and 
tin. 

19-7. Plating is applied by a process called 
electroplating. A pure metal and the part to be 
plated are placed in a liquid, solution 
(electrolyte). With the pure metal, as the 
positive electrode (anode) and :he part to be 
plated as the negative electrode (cathode), 
electrical current is passed through the 
electrolyte. This causes tiny particles of the 
pure metal to oe deposited on the surface of the 
part. The process is continued until the plating 
is of the required thickness. The thickness of 
the plating required varies, but in most cases it 
is extremely thin. The same surface may be 
plated with two or more of these metals to 
make the plating adhere better or to reduce 
cost. For example, in the chromium plating of 
steels, the steel is often plated first with copper, 
then with nickel, and finally with chromium. 
The various plating processes are similar. For 
more detailed information concerning any 
specific plating operation, consult either the 
appropriate technical order or metals finishing 
handbook, or consult the people in the metals 
processing shop. 

19-8. The most common metals used in 
electroplating in the Air Force are cadmium, 
copper, chromium, and nickel. Electroplating 
is the responsibility of the metals processing 
shop. 
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CHAPTER 5 



Stud, Plug, Screw and 
Insert Removal and Replacement 



YOU FREQUENTLY have to remove and 
replace Muds, plugs, screws, and inserts. 
Certain types of aircraft studs require frequent 
removal and replacement, especially those that 
are subjected to str-css caused by the speed of 
modern aircraft. When a stud must be replaced 
as a result of damage caused by heavy duty, it is 
necessary to inspect the threads of the parent 
metal. . . careful examination often reveals 
thread weakness. Repairing the threads 
prevents the threads from tearing out when a 
replacement stud is screwed in place. Stud 
failure may be due to several reasons other than 
stretch and intermittent loading. Vibration and 
exposure to heat are common causes of siud 
failure on aircraft engines. Disregard of 
technical orders and safety factors by the 
aircraft mechanic may result in stud failure. For 
instance, excessive torque on the stud or wear 
and tear from abuse of parts in dismounting 
and mounting may cause failure. Regardless ot 
what caused the lailure. it is the job of the 
machinist to remove the stud. plug, screw or 
insert' without 'damaging the parent part from 
which it is removed. 

2. In this chapter we discuss several methods 
of removal ot studs, plugs, screws, and inserts. 
Then we discuss the types and uses of inserts. 
Finally, we describe methods of removal. 

20. Methods of Removal 

20-1. Removal may be easy or difficult, 
depending on the circumstances. Sometimes 
none of the methods we discuss will work and 
you will have to devise a method ot your own, 

20-2. Use of Penetrating Oil or Heal. A 
stud (hat must be removed because ot breakage, 
stretching or ^ther damage, may oftentimes be 
easily removed if it is loosened by heating the 
area surrounding it. For very thin walled 
aluminum sections, the use of a soldering iron 
for heating the area around the broken stud 
may be an effective aid in its removal. This 
method woulu be used in a shop or away from 
the aircraft due to safety regulations. Another 



possibility for loosening a stud is the 
application of penetrating oil to the stud and 
mating part. Penetrating oil sometimes breaks 
up the rust or corrosion between the threads 
and allows rather easy removal. It has been 
found that a light tapping with a hammer on the 
part to be removed sometimes adds to the 
effectiveness of the penetrating oil. In using 
penetrating oil, caution should be exercised 
that it does not soak any electrical wiring and 
damage or deteriorate the insulation. 

20-3. Use of Extractors and Stud Driver. 
Stud drivers and screw extractors, such as the 
Ezy-Out, may be used to advantage for stud, 
plug, screw, or insert removal. If the part to be 
removed is not rusted or corroded, and an Ezy- 
Out is not available, a good stud driver can be 
ground from a high-speed tool. The tool is 
ground with a square tapered end. as in figure 
26. The square tapered end is then lightly 
driven into the hole that is drilled in the stud. 
This cuts into the walls of the stud, and holds 
the tool when it is twisted with a wrench. 
Usually, if the stud is rusted or corroded, the 
tool will slip out when too much twisting action 
is applied. If a set of Ezy-Outs are available, it 
would probably be best to first try removing the 
stud with them. 

20-4. A commercial Ezy-Out is a tool that 
may be used with a wrench or tap wrench. It has 
a tapered square with a left-hand twist, giving it 
somewhat the appearance of a left-hand thread, 
as illustrated in figure 27. The working 
principle of an Ezy-Out is that when it is 
inserted in the drilled hole in the stud and 
twisted in the direction for removing that part, 
it tends to screw in and lock itself into position. 
A stud or plug can usually be removed by 
locking an Ezy-Out into position and applying 
the proper amount of pressure to turn it out. 
However, the Ezy-Out will not always remove 
the part because of existing, unseen conditions. 
It is also easily broken by too much pressure. It 
is best to use the largest possible Ezy-Out on 
the part to* be removed For ordinary 
conditions, the makers of Ezy-Out screw 




Figure 26 Stud Driver Made ul High-Speed Tool Bit. 

extractors recommend using the size drill 
shown opposite the Ezy-Out size indicated in 
tab'e I Unusual conditions may require the use 
of larger drills depending on the length of the 
broken part or its depth in the hole, When >ou 



l-igurc 27 l:ZY-Oui Screw kxtractor 



are drilling on an aircraft, consult the technical 
order or the line chief, to avoid drilling into an 
oil reservoir or jacket. 

20-5. Arc Welding. Arc welding a nut on a 
worn or damaged stud is another method lor 
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NUMBER 


DIAMETER 
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END 
(INCHES ) 


DIAMETER 
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SIZE DRILL 
TO USE 
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0. 1 17 


1/2 


2 


5/64 


2 


0. 080 


0. 174 


3/4 ' 


2 3/8 


7/64 


3 


1/8 


1/4 


1 


2 11/16 


5/32 


4 


3/16 


21/64 


1 1/8 


2 7/8 


1/4 


5 


1/4 


7/16 


1 1/2 


3 3/8 


17/64 


6 


3/8 


19/32 


1 3/4 


3 3/4 


13/ 32 


7 


1/2 


3/4 


2 


* 4 1/8 


17/32 


8 


3/4 


1 


2 


4 3/8 


13/16 


9 


1 


1 9/32 


2 1/4 


4 5/8 


1 1/16 


10 


1 1/4 


1 9/16 


2 1/2 


5 


1 5/16 


11 


1 1/2 


1 7/8 


3 


5 5/8 


1 9/16 


12 


1 7/8 


2 5/1.6 


3 1/2 


3 1/4 


1. 1 5 / i 6 
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figure 28 Removing a Stud *b> Drilling. 
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Figure 29 Spot Punching a Broken Stud. 

the removal of studs. This is only possible when 
enough ut the stud protrudes to weld on a nut. 
It is also pussible to butld up. a stud that is 



broken off below the surface of the parent part 
by arc welding metal to it. Adding metal by 
welding builds up the stud so that a nut could 
be welded to it for its removal. This method, 
however, is not a job to be done by a machinist. 
If a welder is available to do the work, he 
should do it. Great caution should be exercised 
to protect the parent part if this method is used. 
Insulating, material, such as sheet asbestos, 
should be used to protect the parent part from 
welding spatter. Also, the welder should be sure 
that no contact is made between the welding 
rod or nut and the parent part. Usually, the 
welder is called in to remove a broken stud as a 
last resort. Frequently, he can be of assistance 
when all methods have been exhausted. It is to 
be remembered that a welder may only work on 
an, aircraft part that has been removed from the 
craft and brought into the shop. Welding 
equipment cannot be used around aircraft on 
the line. 

20-6. Removal of Faulty Studs by Drilling. 
Broken or faulty studs may be removed by 
drilling out of the portion left in the parent 
part, as shown in figure 28. There are several 
ways of removing broken or faulty studs by 
drilling.- Probably the best and most accurate 
method to accomplish the job is with the aid of 
a jig. Often, due to close working quarters, a jig 
cannot be used and the drilling wilLhave to be 
done without a jig. Usually, you should try to 
spot punch the broken stud as in figure 29, and 
then drill for an extractor. Accuracy in drilling 
out a broken stud depends entirely upon your 
skill. After drilling a hole, try to remove the 
faulty stud by the use of extractors. If this 
method fails, you will have to drill it out. The 
object of drilling out a stud is to drill out the 
exact center and not touch the threads in the 
parent part. If a thin enough wall is left, it can 
usually be removed with the point of a scribe. 

20-7. Removal of Studs and Plugs by 
Trepanning. A stud or plug may also be 
removed by trepanning. Trepanning is 
generally used when the parent metal around 
the stud has become damaged and it is 
impossible to save the threads. This should be 
,used only as a last resort for stud removal, since 
it involves making a replacement with an insert 
or a stud having oversize threads. Since there 
are no regular commercial trepanning tools 
available, it becomes necessary to make a cutter 
when the trepanning method is used for stud 
removal. A trepanning tool may be made to fit 
almost any size stud and is illustrated in figure 
30. A trepanning tool works like a^hollow mill. 
The tool has teeth on the end and cuts down 
around the stud so that it may be removed. The 
disadvantage of this operation is that the 
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DIMENSIONS OF CUTTING TEETH 33 , d?2 

Figure 30. Trepanning Tool. 

threads in the parent part are destroyed and, 
oversize threads have-tb be tapped in the parent 
part. A stud with the same size thread or an 
insert is fitted to the tapped hole. This method 
of stud replacement is not recommended unless 
there is absolutely no other possibility of 
making the replacement with a standard stud. 

20-8. Other Methods of Stud Removal, 
There is no set specific procedure that can be 
recommended for the removal of a stud, plug, 
screw or insert. Regardless of the method, 
however, the first concern in removing a stud is 
protecting the threads in the parent metal. 
When the thread in the metal is destroyed, it is 
either necessary to put in an insert or 
manufacture an oversize stud for replacement. 
The job of stud removal may be simple or it 
may be difficult. It is sometimes possible to file 
a square on a stud that protrudes above the 
parent metal, and with the aid of a wrench and 
some penetrating oil, to remove the stud easily. 
Occasionally, a stud that is broken off flush 
with the parent metal can be jarred loose with a 
punch and twisted out by hand. If there is a 
remaining thread on the stud, two nuts can be 
locked on the stud, and a wrench used to 
remove the stud. When a stud is broken off in 
an area where there are two adjacent studs, a jig 
can be made for drilling out the stud. The jig is 
so made that when it is clamped by the two 
adjacent studs, a guide hole lines up over the 
broken stud. This makes the drilling operation 
easy and accurate. Even though, in most cases, 
you cannot determine what has caused the stud 
failure and have no way of knowing how tight 
the part is in its parent metal, it will be up to 
you to remove the broken part. Removal may 
be accomplished by one of the above 
mentioned methods or one of your own. In 
conclusion, it should be remembered that the 
many studs, plugs, screws or inserts will have to 
be removed from the aircraft on* the line. The 
ideal place for stud removal is the shop. 



provided that the part can be removed. The 
methods used most often are drilling and the 
use of commercial or handmade extractors 
when the work is done on the aircraft. 
Ingenuity is often a great help. A certain type 
stud may come out very easily using one 
method, and another identical stud, having 
undergone different conditions, may not come 
out at all by that method. 
21, Types and Uses of Inserts 

21-1. Inserts provide a necessary function nn 
the repair and manufacture of many parts. As a 
machinist you are called upon to repair parts 
that require those inserts. We discuss the two 
basic types of inserts, Heli-Coils and solid 
inserts, and their uses. 

21-2. Heli-Coil Inserts, Heli-Coil screw 
thread inserts are thread liners that are made of 
stainless steel of phosphor bronze wire. A cross 
section of the wire in one o( these inserts has a 
diamond shape, as shown in figure 31. Heli- 
Coil inserts started as Aero-thread inserts that 
were invented by an aeronautical engineer. 
Aero-threads were distinguished by a pear- 
shaped cross section. They were widely used 
during World War U. Their shape proved to be 
a handicap because of the special thread shape. 
The cross section of the inserts was changed to 
a diamond shape and the name was changed to 
Heli-Coil inserts. 

21-3. Heli-Coil inserts "provide new threads 
that resist wear, corrosion, stripping, galling, 
and cross threading. On new equipment, these 
inserts prevent tapped thread failures before 
they start. They reduce maintenance costs, and 
because of their great strength, permit the use 
of smaller and fewer screws, smaller bases, and 
thinner flanges. Their use provides an easy, 
inexpensive way to repair a damaged or 
stripped thread. Another advantage is that the 
material in the inserts is harder than mos! screw 
threads that fit into them. Consequently, if 
damage occurs, it is the screw and not the insert 
that is damaged. Due to the smooth finish on 
the insert, there is less danger of seizure of a 
mating screw thread, especially around aircraft 
engines where there is heat. The use of these 
inserts reduces the effect of thread strains 
illustrated in figure 32. The use of Heli-Coil 
inserts has become wide and varied. Originally, 
the> were used on aircraft, but now they are 
widely used tor original application, repair and 
salvage in civilian and military equipment. This 
includes piston-engine and jet-engine aircraft, 
missiles, rockets, vehicles of all ty'pes, 
electronic apparatus, industrial machinery, 
machine tools, portable power tools, and 
contractor's equipment. Heli-Coil inserts are 
used on such materials as aluminum. 
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Figure 31 Diagram of a Hch-Coil Insert. 



related equipment. On aircraft they are 
especially beneficial when they are used in 
aluminum and magnesium. These inserts are 
being used more and more in engine 
manufacture. 

21-4. Solid Inserts. Solid inserts are similar 
to Heli-Coils in that they also are used in the 
manufacture and repair of parts, it should be 
remembered that it takes a great deal more 
room to install a solid insert. Figure 33 shows 
the method of installing solid inserts. 

21-5. In most cases, bronze is a suitable 
material for inserts, but if heavy or intermittent 
loads are encountered, it may be desirable to 
use stainless steel or nickel steel. A suitable 
design for smaller inserts is shown in figure 33. 
No dimensions are given because the various 
individual cases require different sizes. 
However, the pitch diameter of the threads or 
inserts should be from .002" to .0025" larger 
than the pitch diameter of the threads in the 
hole in which the insert is to be installed. This 
will make it a tight fit and keep the insert from 
working loose. If there is sufficient room, the 
flange of the insert should be made wide 



PART WITHOUT 
INSERT 

PART WITH 
HEll-COIl INSERT 
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Figure 32 Thread Strains. 

magnesium, titanium, ferrous .metals, copper, 
brass, hroiue, plastics, fiberglas, and wood. 
Helt-Coil mserts readily meet the present day 
demand lor maximum performance of threaded 
assemblies with minimum space and weight 
requirements called for in military aircraft and 
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Kigure 34 Solid Insons 



for smaller studs, either one or two holes for 
the dowel pins should be drilled and tapped to 
a size suitable for the installation of threaded 
dowels. The dowels are usually made of 
stainless steel rod about L K>" to 3,32" in 
diameter or even larger in the case of larger 
inserts. 

22. Methods of Replacement 

22-1. Successful stud, plug, 'screw or insert 
replacement usually depends on the removal of 



the fault) part In manv cases, it no trouble is 
encountered in the removal ot the taulty part 
and the threads are not damaged in the parent 
part, it is only necessary to-clean the internal 
thread with a t£p and make the replacement. If 
trouble is encountered in removing a btud and 
the internal thread in the parent part is 
damaged, it is necessary to tap an oversize 
internal thread and install a replacement part 
to lit. It is also necessary to make a replacement 
with an oversize part when the part has been 
drilled out or trepanned. The reason is that 
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either drilling or trepanning removes the thread In maintenance work on equipment other than 

from the parent part. Even it' the part were aircraft, it is up to the machinist to make 

removed and the internal threads damaged very decisions about replacing the faulty part. When 

little, an oversuc stud or an insert should be you work on aircraft parts it is always best to 

used. This is especially true on aircraft* where first check, the TOs for specific procedures in 

safety depends on perfect threads in every part. the repair you are doing. 
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WORKBOOK 

GENERAL SHOP MANAGEMENT 




This workbook places the materials you need where, you need them while you 
are studying. In it. you will find the Study Reference Guide, ihe Chapter Review 
Exercises and their answers, and the^Volume Review Exercise. You can easily 
compare textual ^ references with chapter exercise items without flipping pages 
back and for4h-in your text. You will not mispface any one of these essential 
study materials. You will have a single reference pamphlet in the proper sequence 
for learning. 

These devices in your workbook are autoinstructional aids. They take the 
place of the teacher who would be directing your progress if you were in a 
classroom. The workbook puts these self-teachers into one booklet. If vou will 
follow the study plan given in "Your Key to Career Development," \Vhich is 
in your course packet, you will be leading vnnrself by easily learned steps to 
mastery of your text. 

If you have afiV questions which you cannot answer by referring, to "Your 
Key to Career DeveJopment" or your course material, use ECI Fo/m 17, "Student 
Request for Assistance," identify yourself and vour inquiry fullv and send it to 
ECI. ' ' | 

Keep the rest of this workbook in your files, Do not return any other part 
of it to ECI. 
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TUDY REFERENCE GUIDE 



I U\e this Guide us a Study Aid. It emphasizes all important study areas of this volume. 

\ » * 

2. Use ihe Guide as you complete th^ Volume Review Exercise ahd for Review after Feedback on 

the Results. After each item number on your VRH h a three digit number in parenthesis* That 
number corresponds to the Guide Numl^ijjo this Study Reference Guide which shows you where 
the answer to that VRE item can be found in the text. When answering the items in your 
VRE. refer to the areas in the text incijeated by these Guide Numbers. The VRE results will be 
sent to you on a postcard which will list {he actual VRE items you missed. Go to your VRE 
booklet and locate the Guide dumber for ^each item missed. List these Guide Numbers. Then go 
back to your textbook and carefully review the areas covered by these Guide Numbers. Review 
the entire VRE again before you take the <^!osed-book Course Examination. 

3. Use the Guide for Follow-up after you Complete the Couhe Examination* The CE results will 
be sent to >ou on a po*tc.ird, which will indicate "Satisfactory" or "Unsatisfactory" completion 
The card will lh>t Guide Numbers relating to \hi- questions missed. Locate these nu" f 
Guide and draw a line under the Guide Number, topic, and reference. Review th 
insure your masterv of the course. 
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103 Technical Pubheations/pages 15-23' 

104 Supplies and Equipment; pages 23-29 
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105 Radiation Hazards an^l Flight Line Safety, 
pages 2 l >-^34 

106 Introduction; Machinist Special Tools, pages 
35-39 r 



107 Measuring Devices and Processes; Care of 
Precision Instruments; pages 39-45 

108 Introduction; Lubrication; Hydraulic Fluids; 
Cutting Lubricants and Coolants; pages 
46-51 • £ 

109 Introduction; Properties and Characteristics 
of Metals; Identification; Effects of Heat 
Treatment: Hardness Testing; pages 52-56 

110 Maclunability ^of Metals; Nondestructive 
Inspection; Corrosion Control and Plating; 
pages 56-58 

111 Introduction; Methods of Removal; Types 
and Uses of Inserts; Methods * of 
Replacement; pages 59-65 
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$ttht£ 3> P* this publication has (have) been deleted in 

0 < „ . 

adapting this material for inclusion in the Trial Implementation or a 
Model System to Provide Military Curriculum Materials for Use in Vocational '! 
and Technical Education." Deleted material involves extensive use of 
military forms," procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 
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CHAPTER 2 

Objectives. To show a knowledge of the selection and use of machinist's special tools in repair and 
fabrication. To be able to evaluate the use of measuring devices and procedures. To know how to care for 
precision instruments. * 

1. Compare bench plates and surface plates with regard to their construction and use. (7-2,4) 

2. What is the primary use for parallels 7 (7-5) 

3. For what kinds of work are magnetic parallels especially useful? (7-<>) 



4. Wh> i« an adjustable angle plate more useful Hum a standard angle plate in mounting work on a 
machine too! table? (7-14,15) 



5, When would you use loolmukcr's buttons? (7-17) 



6. What precision devices can be used to mt-feurc the center distance between loolmaker's buttons? 



7. Wh> are tlat and curved bearing surfaces hand. scraped? (7-22-25) 

I 

S. How are high spots located on a Oat work surface that needs hand scraping? (7-27) 

\ 

\ ■ 

9. How cjii >ou tell that you are doing a good job of scraping'' (7-27) 



10 Over which oAthe three/ types of measuring errors do you have only minimum control? (8-3-5) 

* / ' 

\ i 

1 1. Which of the attachments for a graduated rule permits you to use the rafe a, a depth gage" 5 (8-7) 



12. Why is the caliper rule a more accurate measuring device than the graduated rule? (8-10) 



13. What advantages do a vernier caliper have over either an outside or an inside micrometer? (8-11) 
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14. Explain, how the basic principle of operation of the vernier caliper and the vernier height gage is the 
same. (8|-I4) 



15. What is the maximum range of measurement for a 10-inch vernier height gage? (8-14,15) 



16. What shaft conditions relating to concentricity can be checked with a vernier height gage and a 
dial indicator? (8-17-20) 



17. How does the scale of a vernier bevel protractor differ from the scale of a bevel protractor used 
with a combination set? (8-23,24) 



18. Compare Grade B with Grade A precision gage blocks for accuracy. (8-27) 



19. What is one of the primary uses for precision gage blocks? (8-31) 



20. Compare the use of precision angle blocks and precision gage blocks. (8-32) 



21. What part of a right triangle is represented by j sine bar? (8-36) 

22. What conditions should be avoided in storing precision instruments? (9-3) 



CHAPTER 3 

Objectives. To show an understanding of the t>pes of lubricants and the lubrication of bearings and 
machine tools. To exhibit a knowledge of hydraulic fluids and their characteristics. To show a knowledge 
of the types of cutting lubricants and coolants and their uses. 



1. How does oil reduce the friction between plain bearing surfaces? (10-2) 



2. Why do antifriction bearings offer less resistance than plain bearings to starting motion? (10-3) 

3. In which of the basic types of oiling systems is cooling, as well as lubrication, important? (KM)* 

4. Which filing device uses the principle of capillary action to provide oil to bearing surfaces? (105) 

5. What are the advantages of using a grease lubricant? (107) 

6. Match the greases in Column A with one or more characteristics in Column B. 

COLUMN A COLUMN B 

a. Lime-soap I* Solid 

b. Soda-soap 2. Adhesiveness 

c. Metallic-soap 3. Smooth texture 

4. Frequent application 

5. Fibrous texture 

6. Ability to withstand high temperature 

(108 10) 

7. How is it possible to make use of solid lubricants' 7 (1011) 



H. Why ib it always best to consult the operator's manual for the lubrication requirements for a 
machine tool? (1012) 



9. Why i$ it important to use the proper grade of hydraulic fluid far a machine tool? (11-1) 



10. List the three types of hydraulic fluid and indicate which is best for high operating temperatures. 
(1 1-3-5) 



11. Why can higher cutting speeds be used with a coolant? (12-1) 



II 



12. What must be added to soluble oils to make them satisfactory for use as coolants'' ( 12-5) 



13. What types ot cutting fluids are best tor machining brass"' ( 12-7) 



CHAPTER 4 

Objectives. To show a knowledge of the properties and characteristics of metals: to be able to idcntif} th 
various types of metals, to exhibit an understanding of the effects of heat treatment £>n metals. v> be abl 
to specify the required hardness to be obtained in hardness testing, to exhibit an understanding of the 
machmabihty of metals, to show a knowledge of nondestructive inspection, and to show a knowledge oJ 
corrosion control and plating. 

I. What are the mechanical properties of a metal? (13*2) 



2. Identify the following phrases with the appropriate meehamc.il piopeity. 

a. Resistance to being pulled apart. 

b. Resistane/' to deformation or penetration. 

c. Tendency to fracture with no deformation, bending, or twisting. 

d. Ability to be elongated without breaking. 

e. Ability to absorb sudden shock without breaking. 
(13-3) 



3. What is meant by the chemical compoMtion of a metal? ( 13-5) 



4. L^t the forms in which a metal may he found. (!3-<> <)| 



5. What is the most positive identification of a metal? ( 14-3) 



6. List in order of preference the approved methods of marking metal. (144) 



7. W'tat would a gold or silver stripe in a color coded piece of steel indicate? ( 14-6) 



X. What does a machinist need to know about heat treating? (15-1) 



9. Why is steel tempered after being hardened? (15-4) 



10. Compare annealed and normalized steels. (15-5,6) 



II. What characteristics in steel are obtained by case hardening? (15-7) 



12. What are the two types of heat treatment operations which are used ir> the heat treatment of 
ferrous metals? (15-8) 



13. State the principle of operation of the Rockwell hardness tester. (16- 1.2) 



14. Name some of the factors that determine the machinability of material, (i 7 -!) 



15. What happens to the machinability of metal when Jts composition is altered by adding alloying 
elements' (17-1) 



lt>. What is nondestructive inspection? (18-1) 



17. Name some of the various methods of nondestructive inspection. (18-3) 



18. At what percent of the tensile strength can fatigue failure take place? (18-5) 



19. Name two causes of fatigue cracks. ^18-6) 
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20. What is the purpose of periodic NDI tests? (18-6) 



21. What is corrosion and why does it occur? (19-2) 



22. List the four most common types of corrosion. (19o) 



23. What is the most important factor in the prevention of corrosion? (19-5) 



24. List some of the common metals used in plating. (19-6) 



CHAPTER 5 

» 

Objectives. To be able to evaluate the conditions affecting the removal of defective studs, plugs, screws 
and inserts and iO determine the best method of removal, to identify the types and uses of inserts, and 
to evaluate the methods of replacing studs, plugs, screws, and inserts and to determine the best method 
to use. 

1. How does penetrating oil aid in the removal of a broken stud? (20*2) 



2. Why is it easier to remove a stud with a commercial Ezy-Out than with a stud driver' (20-3,4) 



3. What are the two main precautions to observe when a nut is arc welded to a damaged stud? (20-5) 



4. What is the most accurate method of drilling a stud? (20-6) 



5. What is the mam disadvantage of the trepanning method of stud removad? (20-7) 



V-'jl 
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Wlul is the most itnportant precaution to observe in stud, plug^ screw, or insert removal? (20-8) 



\ 



Of what value are itch-Coil inserts in replacing a damaged stud? (2 1 -3) 



Hst three metals that are suitable For ;ohd inserts 0 (21-5) 



What repair is necessarv when the threads of the parent metal are damaged in stud removal? (22-1 



\ 

\ 
\ 

i 
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MODIFICATIONS 



of this "publication has (have) been deleted in 



adapting this material for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education.' 1 Deleted material involves extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 





\ 

. ANSWERS FOR CHAPTER REVIEW EXERCISES 

CHAPTER 2 

1. Both jre constructed to provide 11 jt surfaces upon which work is placed. The surface plate is 
constructed with much more precision and is used for performing tasks which require more precision. 

2. To raise work above a surface and keep the work parallel with the surface. 

3. To hold small, thin, or irregular work which cannot be held directly on a magnetic chuck. 

4. Woik mounted on an adjustable angle plate can be positioned at any desired angle from the 
honzuntal to the vertical positions. The adjustable angle pl^te can also be rotated on its base. The 
standard angle plate permits mounting the work only at 00* to the machine table. 

5. When it is necessary to locate holes with a very high degree of precision. 

6. Gaae blocks and a micrometer. 

7. To reduce the friction between the bearing surfaces. 

<S. Rub a light coat of Venetian red or prussian blue on the surface plate. Then nib the work surface 
over the surface plate. Paint will adhere to the high spots. 

9. The paint spots increase in number and decrease in sue, 

10. InsmimefK error. 

1 1. The sliding head. 

12. Because it mates contact with the work being measured. 

13. A vernier caliper cAn replace several inside or outside micrometers, and it can take either inside or 
outside measurements. 
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14. The surface plate, upon which the vernier height gage rests, corresponds to the fixed jaw of the 
vernier caliper and the sliding arm of the vernier heiaht gage corresponds to the sliding jaw of the 
vernier caliper. 

15. 9 inches. 

16. - Out of round, bent shaft, curvature, and eccentricity. 

17. The scale of the vernier bevel protractor is graduated into increments of 1/12° or 5 minutes. The 
scale of the bevel protractor used with v a combination set is graduated into increments of I*. 

18. The length of Grade B precision gage blocks are accurate plus ten millionth (0.00001Q") and minus 
sixth millionth (0.000006"). The length of Grade A precision gage blocks are accurate within mx 
millionth (0.000006") for blocks 1 inch and longer and within two millionth (0.000002") lor 
blocks under 1 inch. 

19. They are used as standards for checking the calibration of precision measuring devices. 

20. Precision angle blocks are used to obtain precision angular measurements. Precision sagj blocks 
ace used to obtain precision linear measurements. \ 



21. The hypotenuse. 

22. Dust or dirt in the storage area, extreme variations in temperature, and relative humidity in excess 
of fifty percent. 



1. The oil acts as a film which separates the surfaces enough to prevent metallic contact. 

2. Because the motion in antifriction bearings ts a rolling motion rather than the sliding motion *m 
plain bearings. 

3. Circulation. 

4. Wick. 

5. A grease lubricant minimizes friction, wear, loss o/ power, and leakage. 

6. a. 3, 4. 
b. 5, 6. 
c 2. 

7. They must be bonded to the bearing surfaces. 

8. Because oil companies refine oils and greases under so many trade names that it is difficult to 
recommend any of them. 

9. To prevent damage to the seals. 



CHAPTER 3 
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10. Petroleum-base, vegetable-base, and synthetic base. Synthetic-base hy4;aulic fluid is best for high 
operating temperatures. 

11. Because the coolant reduce^ the temperature of the cutting too! and permits it to retain its hardness. 

12. A rust inhibitor. 

13. Soluble oil or a mineral-laril oil. 



i CHAPTER 4 

i 

1. The interna! reactions to exjtemal forces. 

2. a. Tensile strength. 
b Hardness. 
c. Bnttleness. 
J. s Ductility. 
£ Toughness. j 

3. The number ot elements and the exact percentage of each element that a metal possesses. 
Pure, mechanical mixture. ,so|id solution, and combination of solid solution and mechanical mixture. 
Military or Federal Specification Number. 

(1) Stencil and paint. (2) color code, and (3) stamping with metal dies. 



Q. 

!0. 
11. 
12. 
13. 

!4. 
!5. 
16. 



Gold would indicate that the piece of steel was normalized, silver would indicate that it was of 
aircraft quality. 

He must know the effects of heat treating and be able to specify the heat treatment that a piece of 
metal requires. 

To relieve the internal stresses set up by hardening and to reduce the bnttleness. 
Normalized steel is harder and stronger than annealed steel. 
A wear-resistant surface arid a tough core. 
Annealing and heat treatment. 



\ 



The principle of operation is based on the distance that a penetrator will penetrate a piece of 
material under a given amount of pressure. 

Composition of the material, grain structure, and the heat treatment it has undergone. 
The machitiability may changed. 

Any form of inspection in which the p?.rt inspected is not damaged or destroyed. 
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17. Magnetic particle, penetrant, ultrasonic, eddy current, conductivity meter* ultrasonic leak, and 
radiographic. 

18. At about 30 to 40 percent of tensile strength. 

19. Improper design of parts and detects in the material. 

20. To detect fatigue cracks before complete failure of the pans occurs. «• 

21. Corrosion is the deterioration of a metal by reaction to ib environment. Corrosion occurs because 
of the tendency of most metals to return to their natural state. 

22. Pitting, intergranular, exfoliation, and galvanic. 

23. The removal of electrolyte. 

24. Cactniun, copper, nickel, silver, tin, and chromium. 



CHAPTER 5 

1. By breaking up the rust or corrosion between the threads of the stud and the parent metal.* 

2. The Ezy-Out digs in the walls of the drilled stud better when pressure is applied because the 
tapered square end has a left-hand twist. 

3. To protect the parent metal from welding spatter and to prevent any contact by the welding rod * 
between the nut and the parent metal. * 

4. Drilling with the aid of a jig. 

5. The threads of the parent metal are destroyed. % 

6. To protect the threads in the parent metal from damage, 

7. Heh-Cod inserts pr^rde new threads that resist wear, corrosion, stripping, galling and cross 
threading. 

8. fcronze, stainless steel, and nickel steeK 

9. Tap an oversize thread in the parent metal and install a stud with oversize mating threads to fit. 



~l. MATCH ANSWER 2. USE NUMBER 
— * •% SHEET TO THIS PENCIL. 

TOP- K.XERCISE NUM- 

BER. 

. ' 53150 01 24 



VOLUME RF.VIhW EXERCISE 

* . 

diefull) read the following: 
DOS 

1 ' Check the "course." "volume." and "form" nuTibcis from the answer sheet 

address tali against the "VRE answer sheet identification number" in the 
righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of .explanation. 

2 Note that numerical sequence on answer sheet alternates across" from column 
to column, 

V Use only .medium sharp #1 black lead pencil for marking answer sheet. 

4 Circle the correct answer in ihis test booklet. After you are sure of your 
answers, transfer them to the answer sheet. If yau have to change an answer 
on the answer sheet, be sure that the erasure is complete, U^e a clean eraser. 
But try to avoid any erasure on the answer sheet if at ail possible, 

5 fake action to return entire answer sheet to ECL 

o Keep Volume Review Exercise booklet for review and reference. * 

n If mandatonh enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions .pr comments to ECI on ECI . 
Form 17. / 

DONTS: 

t 

I. Don't use answer sheets other than one furnished specifically for each review 
exercise. q 

2 Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 
errors. 

3 Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than with a ?l black lead pencil. 

VOTE. TEXT PAGE REFERENCES ARE USED ON THE VOLUME 
REN IEW EXERCISE, In parenthesis after each item number on die VRE 
is the Text Page Number where the answer to that item can be located. 
When answering the items on the VRE. refer to the Text Pa%es indicated 
by these Numbers* The V RE results will be sent to you on a postcard 
which will list the actual VRE items you missed. Go to the VRE booklet 
and locate the Text *Pa<>e Numbers for the items missed. Go to the text and 
carefully review the areas covered by these references. Review the entire 
VRE again before >ou take iht ciosed-boos Course Examination 

* 
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Multiple Choice 

Note, The first three items in this exercise are based on instructions that were included with your course 
materials. The correctness or incorrectness of your answers to these items will be reflected in your total 
score. There are no Text Page ^umbers for these firsi three items. 

1. The form number of this VRE must match 

s 

a. my course number. 

b. the number of the Shipping List. 

c. The form number on the answer sheet. 

d. my course volume number. 

2. So that the electronic scanner can properly score my answer sheet, I must mark my answers with a 

a. pen with blue ink. 
1 . number 1 black lead pencil, 
c ball point or liquid-lead pen. 
( pen with black ink. 

3. I* I tape, staple or mutilate my answer sheet, or if 1 do not cleanl> erase when I make changes on 
the sheet, or if I write over the numbers and symbols along the top margin of the sheet. 

a. I will receive a new answer sheet. 

b. my answer sheet will be hand-graded. 
c\ 1 will be required to retake the VRE. 

d. my answer sheet will be unscored or scored incorrectly. 



Chapter 1 
*» 

4. (001) A dutv that belongs to the machinist specialty is 

# 

a. troubleshooting of difficult metal machining, desisn. and production problems. 

b. instructing in metals machining techniques and maintenance of machinery and equipment 

c. planning and organizing of metalworking activities. 

d. manufacturing and reworking of machined parts. 

5. (002) The design and manufacture of precision tools, gages, dies, and jigs is a responsibility f the 

a. apprentice machinist. c. machine shop technician. 

b. machinist. d. metalworker superintendent. 

6. (002-004) The duties and responsibilities of the metalworking superintendent do not include 

a. assembling and fitting machined parts. 

b. directing metalworking activities. 

c. inspecting and evaluating metalworking activities. 

d. establishing OJT for metalworking personnel. 
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{004) During the initial phase ol setting up a machine shop, the supervisor is most likely to concentrate 
on the principle of / 

x organizing. . c. planning, 

b. coordinating. d. controlling. 

/ 

(004 -005) Authorizing the alignment of a welder to duty in a machine shop would be a violation of the 
principle of 

1 I • 

a. logical assignment. c. delegation of authority.- / 

b. unity ol coinmand. d. span of control. / 



(005) \ discussion initiated by a machine >hop ( forenian with hi* two macfiinists to plan a work project 
is an example of m j 

a. horizontal coordination. , c. lateral direction. 

b. vertical coordination. j d. projected direction. 



(00<>) Inspecting the work and evaluating wotker performance m,accordance with established objectives 
are good principles of 

/ 

a. directing. \ < ( c. coordinating. $ 

b. planning, i / d. controlling. 

; /■ ' 

(00 ) i nder the dual-channel OJT concept, airmen achieve job proficiency by 

a. performing' on the job under the supervision of a skilled trainer. j 

b. suidymg a formal ATC resident course. 

c. working ui\der the supervision of airmen with a higher skill level. 

d. studying a toursc developed and conducted at base level. 

IfKH T!ie c 'inpetence with which a machinist performs the taski required fur in* position on the manning 
document arc measured by using 

a. AF Form r»&3. ' \ c. a management guide, 

h. STS <3230 '50770. \ d. a Job Proficiency Guide. 

V 

[WU Which Air Force manual listed below W>v ides information for making entries on AF Form t>23. 
Consolidated Training Record'' \ 

a. AFM 50-25. \ c. AFM 50*23. 

b. AFM 50 24. \ d. AFM 50-20. 



(010) Who i6 responsible for a trainee"* satisfactory completion of the career knowledge portions and the 
assigned job proficiency portions of die SpecialtyVT raining Standard? 

.\ The squadron OJT supervisor. t\ Tiie shop >uperv*sor. 

b. The individual 'trainee. A The trainer. 



\ 

\ 

\ 
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15. (010) Which of the following is not a responsibility required of the trainee? 

• 

a. To understand his AFS description, the training requirements of his STS and JPG, and the 

contents of his training folder. 
D. To accept and react favorably to the motivational effort of his OJT trainer and supervisors. 

c. To understand, accept, and perform all of die training requirements and assignments m an 
efficient manner. 

d. To maintain his consolidated training records in accordance with AFM 50-23. 

16. (012) The training device containing a list of key points that a trainer should emphasize when he 
is teaching a trainee to perform a job is called a 

a. job breakdown. c. Job Training Standard. 

b. Job Proficiency Guide. d. Specialty Training Standard. 

17. (013) The most effective use of CDC chapter review exercises (CREs) is for the student to 

a. read each CRE and immediately check the answer supplied in the workbook. 

b. write the answers for the CREs and submit them to ECI for grading. 

c write the answers for the CREs on each chapter and to check them against the answers in the 
workbook. 

d. answer the CREs after studying the entire volume and check the answers against those 
in the workbook. 



18. (014) Who has the most opportunity with his personal interest to promote the importance of the 
OJT program? 



19. (015) The index that contains lists of equipment that are cross-referenced to categories is the 

a. alphabetical index. 

b. cross-reference table TO 0-4-1. 

c. cross-reference table TO 0-4-2. 

d. numerical index and requirement table. 

20. (016) To find a listing of each of the different categories of equipment, first look in 



21. (016-017) The alphabetical index can be used to the best advantage when you need :o 

a. locate specific technical orders. 

b. requisition technical orders. 

c. find the category to which an item of equipment belongs. 

d. insure locating a current technical order. 

22. (017-018) In the number TO 0-1-1-3, an Nl&RT. which part of the number indicates that the 
tech order is a sectionalized 70* 

a. The 0. c. The second -1. 

b. The first d. The -3. 



a. The OJT squadron supervisor. 

b. The trainee. 



c. The trainer. 

d. The base commander. 



a. TO 0-1-1. 

b. TO 01-1-1. 



c. TO 0-1-01. 

d. TO 1-1-1. 
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23, MUM t'pon receipt of an jrgent action TC'IO ihst specifics you have 6 days to accomplish tin* 
work, iltc «\mboi yoi. woald enter in the maintenance form is a 

a. k ! \ s c. red dash. 

b. red diagonal, d. black circled X. 

24. (01°) The tvpe oi TCTO which is issued a.> jn electrical!) transmuted jre^a^e is retired to as 

a. 'imiK-JuU 1 action TWX. c. interim TCTO. 

b i?e*:. PAX. d. record message P»V\. 

2 ; (01 " J: n.)s.tnMi vf! m:ke on incon-p;?!* TCTO kits *s to 

a. kc-p J en »mil spar: pans are ordered 

b t*i*r, m wahin 10 days if part^ have jjpt been located, 

^. them as extra parts. 
J, tui rocm tn immediately to the base suppis olfieer. / 

2<> i0\^\ Methods and procedures technical orders iMPTOs) are is mod to establish 



b mstvction wurkcards. 
c. bibricati »n charts 
J. »r*pejti «n wheckli^. 

2" i02\) \ iwrv S and procedures type TO is idem.hed h\ which of the following .■winners' 

a H> *> I <. c. TO IF- IO0A-1 

b, in "o 2-'\ 247, j. TO 2!M LGM30A o7\ 

2" 1 02 1 » T! e r.rJod of m dtfvnc a iJibmcal »»:!er n.tu a new edition wuh a new baste date ;s 
rel"":.' i :o ^ a 

p * f ice. *\ rectum. 

t>. »:■. ir? * d, -upplemcn: 

2* 1 022 1 "A 1 :* \ ^1 the t>tlo\v:ng fO numK^ ..! ,\:i;s a loci* <>r ie r T hi( equina ini ornuium to 
corre.' \ *k stoppage 1 

x IB c 2d ? e >F 1^*5 I C S~ \ 

b K »Mi - S( !Pf J. 1F -S 2. 

o» (i)22 )2^» 1 he t>pe oi t.vh order file tiiat a m.ichmis; 'i>e °iore 'ban an\ other *s i *e 

a. i. p Cv -ch<\)l. . 

S, !.«vr*J. * i. a.';^:' . 

31 (024» v j| the :>liowr.j; ;W:ns .s u:d T o 'wqiu-,1 ssu: : . n. cWa ' r *' * machine 

;hot>' 

a Vf /* r;; ->0!a. c. r ;P f r". 

K \F FjrnnOlh. d. AF Ft- *2^. 
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32. (024) If a precision measuring page is not on your tool list for issue, which form listed below 
would you sign at the tool crib to check out the gage? 

a. AF Form 1295. c. AF Form 1297. 

b. AF Form 12%. J. AF Form .1298. 

33. (024) When a supply custodian find* an item of equipment during inventory thai does not belong 
on his supply account, he forwards 

a. an AF Form 601b to EMO. 

b. a DD Form 1 150 to Research. 

c. a DD Form 1150 to Claims Investigation. 

d. a DD Form 1150 to Materiel Control Section. 

34. (025) The contents of an original container should be inspected and retagged when 

a. it is shipped from a depot. 

b. it is shipped from one base to another. 

c. the label or rag has been damaged. 

d. the container ts shipped from one command to another. 

35. (026) The DD Form 1577-2 is used to indicate that tbe item to which it is attache J i> 

a. serviceable, with a listing of the missing items on the reverse side of the tag. 

b. serviceable, but has suspecied materials. 

c. unserviceable and nonreparable. 

d. unserviceable, but reparable. 

36. (027) Who should inspect a piece of equipment that is sent to the shop from EMO'' 

a. The supply office. 

b. The supply inspector. 

c. The equipment management office. 

d. The equipment inventory supply office. 

37. (029) Airman Jones navs the S22 repair cost for a piece of equipment he damaged 'hroujh neglect 
with a 

a. Cash Collection Voucher! 

b. Report of Survey. 

c. personal check attached to a statement of charges. 

d. supply voucher. 

38. (033) If a placard attached to a orate in base suppiv has a yellow background wuh a thre.'-bladed 
, magenta-coiored insignia on it. this indicates ro vou that the contents of (he crate are 

a. serviceable. c - reparable. 

b. radioactive. <*■ ^plosive. 

39. (033) The minimum >afe distance behind an operating jet engine is 

a. 150 feet. 250 reel. 

b. 200 feet, d - 300 *' oel - 
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40. (033- 034) Which of the following would be the greatest danger in the compressor bleea areas? 



a. Temperature and velocity. 

b. Noise and careless workers. 



c. The turbine wheels. 

d. The intake areas. 



Chapter 2 



41. (035) Bench plates are usually made of 



a. stainless steel. c. cast steel. 

b. wrought iron. d. cast iron. 

42. (036) For which of the following work setups would you not be qble to use a solid parallel? 



a. Support work in a vise. 

b. Raise work from a surface plate. 

c. Mount work on a magnetic chuck. 

d. Mount work on a rotatory table. 

43. (036) The primary use of the planer gage is to 

a. set the cutting tool. c. check the width of slots. 

b. check planed surfaces. d. set up a sine bar. 

44. (037) A precision tool that may be used in the work setup for accurately planing surfaces square 
to one another is 

a. sine bar. c. a box parallel. 

b. an angle plate. d. a surface plate. 

45. (037) Using toolmakens buttons (.500 inch in diameter) to accurately locate two holes with a 
center distance of 3.105 inches, what would be the distance between the toolmaker's buttons? 



4t>. (037) When complete accuracy is necessary in the setup of toolmaker's buttons, which of the 
following precision tools ^should you use to obtain the required accuracy? 



47. (038) Which of the following types of hand scrapers should be used to scrape the angular portion 
of a dovetail bearing surface? 



a. 1.605 inches. 

b. 2.605 inches. 



c. 2.855 inches. 

d. 3.605 inches. 



a. Gage block. 

b. Sine bar. 



c. Micrometer. 

d. Vernier height gage. 



a. Half-round bent scraper. 

b. Half-round scraper. 



c. Hooked scraper. 

d. Three-ccrnered scraper. 



48. (039) Which of the following should be used for the layout of large circles and arcs? 



a. Dividers. 

b. Compass. 



c. Template. 

d. Trammels. 
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49. (039-040) Which graduated rule accessory enables you to use a rule as a depth gage? 

a. Sliding head. c. Caliper rule. 

b. Keyseat clamps. <J. Hooked attachment. 

50. (040) What is the smallest measurement which can be made with a vernier caliper? 

a. 0.0001 inch. c. 0.010 inch. 

b. 0.001 inch. d. 0.100 inch. 

51. (041) The minimum height you can set the sliding arm gaging surface above the bottom of the 
base of the vernier height gage is usually 

a. 1/2 inch. c. \ 1/2 inches. 

b. 1 inch. d. 2 inches. 

52. (041) To check a shaft for curvature, how many gage readings are necessary and how many degrees 
apart should they be made? 

a. Two at 90*. c. Three or more at 90*. 

b. Four or more at 180'. d. Three at 180*. 

53. (042) The acute angle attachment is generally used for measuring angles less than 

a. 90*. c. 45*. 

b. 60*. d. 30*. 

54. (043) One of the primary uses of gage blocks is to 

a. set up precision work. 

b. check other gaging and measuring instruments. 

c. check machined parts for accuracy. 

d. make linear measurements. 

55. (043-044) Which of the following precision measuring devices can be used to check the accuracy 
of a tine bar setup? 

S 

a. Master sine bar. c. Angle blocks. 

b. Gage blocks. d. A vernier bevel protractor. 

56. (045) The most prevalent cause of excessive wear of precision gaging tools is 

a. improper handling. 

b. gaging surfaces not hard enough. 

c. dirt and abrasive materials on both the part and the gage. 

d. constant physical contact with parts being gaged. 
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Chapter 3 



5 7 , ((Mo) The most important cause for inefficient machine tool operation is 



a. trie tuft. 

h. improper use. 



e. electrical failure. 

d. too much lubrication. 



58. (04") Winch of the following bearings offei the least amount of resistance to movement? 



a, Plain 

b. Antifriction, 



c. Thrust. 

d. Slipper. 



59. (04") Which" of the following is not a problem in the lubrication of antifriction bearings? 

a Abrasion. 
K Corrosion. 

c. Getting the lubricant to the bearing. 

d. Accumulation of harmful deposits. 

<>0. (04S) Winch type of oiling s\stem is used when cooling as well as lubrication is necessary? 

a. Circulation. 

b. Splash, 
o, Plunge 

d. Ring and chain. 
01 (04S) The bath oiling system is often u*ed for the lubrication of 

a. plain bearings. 

b. thrust and vertical step bearings. 

c. slipper bearings. 

d. antifriction bearings. * 
(>2 (04x 040) Lime-soap greases are excellent lor use when 

- a. the operating temperature is low. 

b. excessive churning is present. 

c. infrequent application is needed. 

d. the operating temperature is extremely high. 

03 (04'M Tic best source of information with reference to the lubrication needs of a particular make of 
machine is found in the 

a. TOs. 

b. MIL Standards. 

c. operator's manuals. 

d. oil company recommendations list. 

04 (040) For easy identification, petroleum-based hydraulic fluids are dyed 
a. blue. c. yellow. 

b red. d. brown. 
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65. (050) The primary purpose for cutting lubricants is to 

a. improve work finish. 

b. wash chips away from the tool. 

c. lower work temperatures. 

d. prevent work warpage. 

66. (050) Which type of cutting oil would >ou most likely use for lathe and milling machine work when 
cooling is an important factor? 

a. Soluble oils. c. Sulphurized oils. 

b. Lard oils. d. Chlorinated oils. 

67. (051) When a machining operation requires high-cutting pressure, the proper cutting lubricant to use 
is 

3. chlorinated oil. c. soluble oil. 

b. lard oil. d. sulphurized oil. 

68. (051) In machining mone! metal, a cutting lubricant preferred because of its tendency to aid in 
breaking of the chip is a 

a. chlorinated oil. c. sulphurized oil. 

b. lard oil. d. soluble oil. 



Chapter 4 

< 

69. (052) When you increase the hardness of metal, which of the following takes place? 

a. Brittleness is decreased. c. Toughness is increased. 

b. Brittleness is increased. d/ Shear strength is decreased. 

70. (052) The hardness of a metal is described as the resistance it offers to 

a. being pulled apart by an applied load. 

b. cutting or abrasive actions. 

c. sudden shock without breaking. 

d. deformation or penetration. 

71. (053) The^form of a metal in which the elements and compounds are clearly visiBfe and are held 
together by a matrix of base metal is called a 

a. mechanical mixture. c. pure metal. 

Jx soUdLspJuilon^ d. combination of solution and mechanical mixtures. 

72. (053) The preferred method of identifying metal pieces in the machine shop stock rack that do not 
bear an Air Force approved manufacturer's mark is by 

a. tagging. -c. sfencil and paint. 

b. color code. d. stamping with metal dies. 
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73, (054) The heat treatment operation in which a ferrous metal is heated to the required temperature 
and rapidly cooled is referred to as 

* 

a. annealing. c. normalizing. 

b. tempering, d. hardening. 

74. (054) The heat treatment that steel undergoes to release its internal stresses and to reduce its 
brit/tleness is called 



itjtlene 



a. normalizing. o, tempering. 

b. annealing. d. hardening. 

75. (054) If you are required to manufacture a part which must have a hard wear-resistance outer 
surface and a tough inner core, which type of heat treatment listed below should you use? 

a. Hardening. c. Normalizing. 

b. Tempering. " d. Case hardening. 

76. (055) The term "age hardened" is used to describe a nonferrous metal that has been -given 

a. the solution treatment. 

b. the precipitation treatment. 

c. maximum pliability. * % 

d. maximum corrosion resistance. 

77. [OSh) Winch of the following elements, when added to carbon steel, tend to increase its 
machmabihty? 

a. Chromium. c« Nickel. 

b. Sulphur. d. Tungsten. , 

78. (057) The most important part of the visual inspection is its reliability which depends upon 

a. the ability and experience of the inspector. 

b. a good lighting system. 

c. the correct methods and procedures employed. 
. d. the good judgment used in making decisions. 

(057 058) The type of corrosion most commonly found on aluminum and magnesium is 

a. intergranular. c. pitting. 

b. exfoliation. d. galvanic. 

80. (058) What is the most vital factor in the prevention of corrosion? 

a. Identification of corrosion. c. More frequent inspections. 

b. Removal of the electrolyte. d. Frequent painting. 
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Chapter 5 

81. (.059) A primary purpotS of using penetrating oil y\ stud removal is to 

I 

a. clean the area being worked on. 

b. lubricate the mating threads. 

e. penetrate to the cutting edges of the drill, 
d. break up corrosion between the threads. 

82. (060-06 i) in the arc welding method of stud removal, the parent metal should be protected by 
using 

a* thin pieces of metal around the stud, 
b. sheet asbestos around the stud, 
o. wet rag* around the stud. 
J. wood around the stud. - 



83. (061) Drilling for an extractor is preferable to completely drilling out a damaged, stud because the 
tormer 

a. can be done in less time. 

b. does not require as much skill. 

c. does not require the use of a drill Jig. 

d. is less likely to damage the parent part. 

84. (061) The most important thing to remember in drilling out a stud is-to 

a. use the correct size of drill. 

b. maintain a constant pressure on the drill. 

c. use penetrating oil during drilling/ 

d. keep the drill as nearly on center as possible. 

85. (061-062) The least preferred method ol stud removal is 

a. trepanning. 

b. using a punch and hammer. 

c. welding a nut on the stud. 

d. drilling out the stud with a drill jig. 

86. (062) With reference to stud removal, the greatest help will be your 

a. hammer and punch. c. EZY-out. . 

b. drill. d. ingenuity. 

87. (062) The cross section of the wire used in the manufacture of Heli-Coil inserts is shaped like a 

a. diamond. c. rectangle. 

b. pear. d. spring wire. « 

88. (062) Which of the following is considered the best reason for using Heli-Coil inserts? 

* a. Low resistance to wear. c. High resistance to stripping. 

b. No Resistance to corrosion. d. Low resistance to cross threading. 
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89. (Ob3 064) When heavy or intermittent loads are encountered, solid inserts should be made of 



l. bronze. 

b. stainless steel. 



c. manganese steel. 

d. manganese bronze. 



90. (064 065) The successful replacement of studs, plugs, screws, and inserts usually depends upon. the 

s a. skill of the machinist. x 
b. type of aircraft involved. 
- Cr-remoYaTof the faulty part, 
d. where tlje job is located on the aircraft. 
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Preface 



THE OBJECTIVE of this course is to provide the knowledge that you need in 
order to progress to the machinist skill level. The emphasis will be on 
broadening your technical knowledge a r nd preparing you <o perform the duties 
of a machinist. 

Note the chapter titles on the content page for Volume 2. Chapter I covers 
drilling machine work; Chapter 2, lathe work; Chapter 3, milling machine 
work, Chapter 4, shaper work, Chapter 5, contour machine work; and Chapter 
6. grinding machine work. Now, leaf quickly through the pages of each chapter 
and note the numbered headings, this will help you to understand the scope of 
this volume. 

Code numbers appearing on the figures and charts arc for preparing agency 
identification only. 

If you have question* on the accuracy or currency of the subject matter of this 
text* or recommendations tor its improvement, send them to Tech Tng Cen 
(TTOC). Chanutc AFB, 1L 61868. 

If you have questions on course enrollment or administration, or on any of 
ECl's instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises. Volume Review Exercise, and Course 
Examination), consult your education officer, training officer, or NCO, as ap- 
propriate. If he can't answer your questions, send them to ECI, Gunter AFB, 
AL 36118, preferably on ECI Form 17, StudentHequest for Assistance 

This volume is valued at 18 hours 06 points). 

Material' in this volume is technically accurate, adequate, and current as of 
March 1972. , 
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CHAPTER 1 
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Drilling Machine Work 



THE DRILL PRESS is used primarily to cut 
round hole* through some i>pc of m-.terial. It 
employ* a variety of cutting tools, of which the 
twist drill is the most common. Drilled holes 
may be finished by reaming, boring, coun- 
terboring. countersinking, spot facing, and tap- 
ping on the drill press. 

2 The accuracy of work done on a drill 
press vanes with the operation pe? formed. 
Holes which do not need to be concentric or 



\ 

\ 

smooth may be drilled without further 
finishing. When reaming and boring operations 
are performed, the holes must be finished to 
size and within close lirpits. Also, the holes 
must be concentric and in the exact location. 
Such operations may also be performed in 
various'types of drilling and boring jigs and fix- 
tures. In this chapter we wilj discuss the radial 
driii press, drill gtinding, arid drill press main- 
tenance. 
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1. Radial Drill Press 

I -I. Radial drill presses, such as the one 
shown in figure I, have the head mounted on an 
'arm. instead of directly on the column ot the 
machine. You can raise, lower, and swing the 
arm to the right and to the left, and move the 
head along it. This allows you to position the 
spindle over the work— a great advantage when 
you are working with heavy, bulky items. Power 
feeds and reversible spindles, usually provided, 
increases the capability of the machine. Radial 
drill presses are good all-around machines. 
They are suitable for both light- and heavy-duty 
work, and are capable of doing highly accurate 
wvrk. The size of a radial drill press is 
designated by the length of the arm. This is the 
distance from the center of the spindle to the 
v-dge ot the column when the head is located as , 
.aT out as possible on the arm. For example, a 
radial drill press designated as having a 3-foot 
-rn wHI drill to the center ot a i-toot circle. 
: nd the length of the arm .will actually he 
"ea:ar than 3 feet. 
;-2 P.uts of !he Radial Drill Press. In or- 

or to understand ihe operation ot a radial Jnl! 

\? - and as idvjinnges you should no J>lo to 
•v.Cv>iP*:c the ^asic parts of the machine/Then- 



arm, and (4) head, as shown in figure I. All of 
the features of the radial drill press are in- 
cluded in these four parts. 

I -3. ifcm'. The base of the radial drill press is 
the large cast section located at the bottom of 
the machine (fig. l,Mj. The base has several 
functions. It provides a foundation on which 
the rest of the machine is mounted. It provides 
a place to mount the work table. The b*ase also 
has a reservoir for cutting lubricants and 
coolants. 

1-4. Column. The column is the upright por- 
tion of the radial drill press (fig. l.C). The 
column is a large precision ground shaft which 
supports the arm, column clamp l^ver. and the 
arm locking lever. 

1-3. Ann. The arm of the radial drill press 
has many functions and advantages. It can be 
moved around the column 360°. This is a great 
advantage in locating the drill o/er large work. * 
The arm gives support to the spindle drive 
motor and to the head of the machine. It 
provides the ways along which the head is 
moved. 

1-6. Head, The head (fig. I, A), houses many 
parts of the radial' drill press. It houses the 
speed change gearbox, feed change gears, and 
the spindle. 

1-7, Worklioldtng Devices Used on Radial 
Drill Presses. Successful drill press work 
depends to a g'reat extent upon the manner in 
which work is held. Properly mounted work 
requires various holding devices, such as the 
drill press vise, V-blocks, clamps, and straps. 
The practice of holding work by hand on the 
drill press is dangerous and can easily reSult in 
damaged work, broken drills, and injury to the 
operator. 

1-8 Vise. The vise is the most commonly 
used holding device for drill press work. It 
usually has slots to receive T^slot bolts and can 
easily be secured to the machine table. The 
work is normally supported on parallel bars to 
prevent drilling holes in the vise. Most vises are 
constructed with a movable jaw which is 
operated In a single screw. Vises are available 
in a variety ot sizes and designs. 

I -9. V-bhn * \. V-blocks are easily adaptable 
for the support ot cylindrical work. When you 
use V -blocks to support the work on a dnfl 
press table, you normally clamp the blocks 
directly to the table surface. Then clamp the 
'.\ork in the \ -block When work cannot he 
held in a vise of clamped to a V-biock. you can 
wiai«sp «>f si tap u to the laMe urt.u«* \ strap 
can he easily made ;i i t i ( - v vC ot *iecl / 
with a hole drHL-J near the clamping end The 
m/c am! shape ol these straps are governed by 
the nature ot the work to be drilled damps, on 
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Figure 3. Drill grinding hints. 



the other hand, usually have a specific shape, 
such as the fiat, gooseneck, pin, and V-clamp. 

2. Drill Grinding 

2-1. A correctly sharpened twist drill is a 
necessity. A sharp twist drill performs more ef- 
ficiently and you produce a higher quality of 
work with less pressure on the drill. Success in 
correctly grinding drills depends upon your 
skill and experience in using various 
techniques. Before we go into the actual grin- 
ding uf a twist drill we will discuss the parts of 
a drill and their functions. s 

2-2. Paris of a Drill. There are three main 
parts to a drill: shank, body, and the point, as 
shown in figure 2. We will discuss these parts of 
the drill. 

2-3. Shank. The shank (D) is that part of a 
dnl f l behind the flutes which is used to hold the 
drill in a chuck, collet, or spindle. Several types 
of shanks arc available. The most common 
types are the straight and taper shanks. Most 
drills larger than 1/2 inch in diameter are made 
with Morse taper shanks. The tang, which is 
common to the taper shank drills, is that flat- 
t tied portion on the shank end of the drill that 
assists in driving the drill. 

2-4 Body. The body of a drill (L) is that 
portion of a drill between the point and the 
shank, There are several parts that make up the 
body of a drjll. such as flutes, web. and margin. 
Each of these parts performs some important 



function, but the drill must be sharp for the 
parts to complete their tasks. 

2-5. Point. The point, as shown in figure 2, 
is the cone-shaped portion on the cutting end of 
the drill. It is this portion which is ground to 
form the cutting edges. The dead center (K) or 
chisel edge is the portion connecting the bot- 
tom of the flutes (C) at the extreme end of the 
drill. It is formed by the intersection of the 
cone-shaped surfaces of the point. It should 
always be in the exact center of the axis of the 
drill. The cutting lips (F) are the actual cutting 
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86 




CHECKING DRILL POINT 
WITH PROTRACTOR 



53-108 

Figure 5 Proir.icior he.id .md blade 

edges of the drill. They extend from the chibd 
edge to the periphery of the drill. 
t 2-6 Grinding a Twist Drill. The greatest 
difficulty encountered in drilling is caused by 
incorrectly ground drili lip clearance. Three 
things should be considered in grinding a drill- 
lip clearance, the length and angle of the lips, 
and the chisel edge in relation to the axis or 
centerline of the drill. All three must be correct 
before a crill can function properly. 

2-7. The correct lip clearance for a drill used 
for the general" purpose drilling of still is 12° to 
15°. Any change in this clearance angle will 
change the cutting characteristics of the drill. 
For example, a driil,ground u at 12° or slightly 
less would be best suited for* drilling harder 
carbon and alloy steel. This angle may be 
checked with sufficient accuracy by using' as a 
gage a strip of paper 3 inches wide and X \ 2 in- 
ches long. Place a mark on the margin of the 
left end of the strip I 3 4 inches from the lower 
side. Fold the strip around the drill and place 
the upper right-hand corner on the marginal 
mark, as shown in figure 3(2). Then compare 
the clearance angle with the diagonal formed by 
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the edge of the s.rip. If the clearance angle is 
too small, it will result in possible drill 
breakage. A clearance angle too large will 
result in chipping the cutting edges, as shown in 
figure 3(3). The length of the cutting edges 
must be the same. Otherwise, a greater torsional 
strain is placed on one cutting edge, causing the 
drill to cut a hole larger than its diameter, as 
shown in figure 3(5). The cutting edge Single 
(included angle) for carbon and alloy steels is 
I 18°. or 59° on each side of the centerline. as 
shown in figure 3(4 and 6). This angle is 
checked for accuracy with a bevel protractor or 
drill grindling gage, as shown in figures 4 and 
5 

2-8. When drills are manufactured they are 
made so that the web of the drill is thicker at 
the shank end than at the point. This is done to 
provide strength. As the drill wears and is 
ground several times it may become necessary 
to thin the web. Thinning the web is done to 
achieve maximum cutting efficiency, or ease of 
penetration and minimum wear. The web 
should be thinned to approximately its original 
thickness. This is usually done with a round- 
laeed abrasive wheel, as shown m figure o. 
*~ 2-9. Another method of thinning the web of 
a drill, known as notching, is used to improve 
the performance of a drill used in hand feed 
operations, such as in crankshaft drilling. This 
type of thiftiling works well when the drill is to 
be used in a hand drill. Notching is similar to 
thinning, as shown in the right half ot figure 6. 
except that the sharp-cornered, hand abrasive 
wheel is used instead of a round-fao.d wheel. 

2-10 Since there are so many types of metals 
in use today, no one drill point will perform 
satisfactorily in all of these metals. Figure 7 
illustrates some of the various types of drill 
points and the types m meials for which the\ 
are Jbest suiied. 



3, Drill Press Maintenance - 

t-l The drill press, like all other machine 
too'ls. requires some maintenance When the 
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Figure 7 Stupes ol drill poinis. 



drill press is installed, it should be leveled and * one point and. moving around the machine, 

lagged to a solid ioundation. This foundation making certain that ajl points are lubricated., 

>hould be solid enough to support the weight of All surfaces not covered with paint should be 

the machine, Great care should be taken in lightly oiled to prevent corrosion. The drill 

leveling the drill press. If the machine is not press gearbox should receive periodic oiling 

proper!) installed. >ou cannot hope for the and oil changes should be made according to 

machine to perform with the accuracy for which 6 the manufacturer's specifications. Be sure to 

it was designed. check manufacturer's specification for the type, 

3-2. The" oil cups and bearing surtaces viscosity, and amount of oil to use. Remember, 

should be oiled dailv before the drill press is that in some cases, too much oij can cause 

used Oiling should be progressive, starting at severe damage to machine seals. 
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CHAPTER 2 



, Lathe Work 5 



THE LATHE IS the most useful machine in the 
machine shop, More operations can be done on 
it than on any other machine tool. In this chap- 
. ter we will not discuss the more common 
x operations; we will limit the discussion to (I) 
special lathe operations. (2) attachments. (3) 
special threading operations, and (4) lathe 
maintenance. 

\ 

4. Special Lathe Operation* 

4*-l. You will be called upQn from time to 
time, to perform various special lathe 
operations. A special lathe operation is an* 
operation that is performed, normally, on a 
lathe with special tools or attachments. Such 
operations as radii and form turning, taper tur- 
ning, toolpost grinding, parting, spring win- 
ding, filing, polishing, and knurling fall into 
this category. We will discuss these operations. 

4-2. Radii and Form Turning. You may 
use several methods to machine radii or 
irregular shapes. The method will depend upon 
the sh^pe and size of the object and the number 
of pieces to be manufactured. 

4-3, Hand manipulation. The cutting tool 
moves on an irregular path when you move the 
carriage and cross-slide simultaneously bv 
hand. You obtain the desired radius or form V\ 
coordinating the movement of the carriage and 
cross-slide as you observe the cutting action 

4-4. Forming tool You may grind the for- 
ming tool to any desired shape or form. The 
only requirement* are that the tool must have 
the proper relief angles and rake, size, and con- 
tour. The most practical use of the forming tool 

woa* wou 
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is in machining several duplicate pieces, since 
the machining of one or two pieces would not 
warrant the time spent in grinding the tool. You 
can use forming tools to machine either con- 
cave or convex radii. A concave radius is 
hollow in shape and a con vex radius i s 
spherical or ball shaped. Figure 8 shows some 
typical shapes you can produce with forming 
tools. 

4-5. Template and pointer. In this method of 
form turning, you lay ouuhe full-scale form of 
the work on a piece of thin sheet metal. Then, 
clamp the template to the bed of the lathe. At- 
tach a pointer to the lathe cross-slide and, by 
hand manipulation, follow the scribed outline 
on the template to produce the form on the 
work. You will probably have to finish the torm 
by filing and polishing. Figure 9 shows a tem- 
plate and pointer being used to produce a con- 
toured surface. x 

4-6. Radius rod. When you do form turning 
using the radius rod, the length of the rod 
should be equal to the radius that you want to 
qut. Place the rod between the cross-slide and 
tailstock, as shown in figure 10, The cross-slide 
will then itiovc in an arc when you apply power 
fejd to the cross-slide. The resistance ol the cut 
holds the rod in position. 

4-7. Compound rest. When you use this 
method, the compound rest add tool are swung 
trom side to side in an arc. Form the desired 
radius by feeding the tool in or out with the 
compound slide. You can turn either a concave 
radius by positioning the tool in front ot the 
pivot point, as shown in figure I I. A, or a con- 
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. Figure 9. Template and poinier, 

vex radius by positioning the tool behind the 
pivot point, as shown in figure 11, B. 

4-8. Taper Turning. Many of the tools and 
parts that you will be using have tapered por- 
tions You must be able to identify the various 
tapers and be able to machine tapered objects. ^ 
We will discuss the varioiis standard tapers and 
their use: the methods of checking tapers; and 
taper turning by means of the compound rest, 
tailstock offset, and taper attachment. 

4-9. The tapers on taper-shanked tools and 
machine parts* such as twist drills, end mills, 
reamers, lathe centers, drill chucks, etc., are 
from various standardized taper series. Stan- 
dard machine tapers are divided into two 
classes: (I) self-holding tapers and (2) self- 
releasing tapers. 

4-10. Self-holding, (slow) tapers. The term 
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Figure 10 Use ot a radius rod 



"self-holding" is applied to the smaller tapers 
because the angle of the taper is only 2° or 3° 
and the shank of the tool is so firmly seated in 
the socket that there is considerable frictional 
resistance to any force tending to turn it in the 
socket. There are several different types of self- 
holding tapers. 

4-11. Morse taper . There are eight different 
.sizes of Morse tapers . The taper for each is 
slightly different, but it is approximately 5/8 
inch per foot in most cases. Morse taper-shap.ks 
are used on a variety of tools; they are used 
exclusively on the shanks of twist drills. 
Spindles of drilling Machines and most lathes 
are constructed to fit a Morse taper. 

4-12. Brown and Sharpe naper . There are 18 
different sizes of Brown and Sharpe tapers. The 
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Figure U. Matching a radius with the compound rest. 

taper is approximately 1/2 inch per foot for all 
sizes except for taper number 10, which has a 
taper of 0.5161 inch per foot. Brown and 
Sharpe taper sockets are used for many arbors, 
collets, and machine tool spindles, and 
especially for spindles on milling machines and 
grinding machines. 

4-13. The 3/4-inch-per-foot taper . These 
tapers come in 1 1 sizes ranging from 2 to 12 in- v 
ches in diameter at the large end. They are 
larger in size, taking up where the Brown and 
Sharpe and Morse tapers stop in the American 
Standard Self-Holding Taper Series. 

4-14. American Standard Self-Holding 
Taper Series. Twenty-two taper sizes have been 



0 



90 



selected to make up the American Standard 
Self-Holding Taper Series This series contains 
^three sizes of the Brown and Sharpe, all eight 
sizes of the Morse, and all I I sues ot the 3,4- 
inch-per-foot taper, 

4-15. Jarno taper There are 19 dillereni 
sizes of Jarno tapers; the taper per toot on all 
sizes is 0.600 inch All the dimensions of any 
size of Jarno taper may be tounxl by using a 
simple key based on the taper number The 
diameter at the large end is as many eighths, the 
diameter at the small end is as many tenths, and 
the length is as many half inches as indicated by 
the taper number, thus; 
Taper numhor 



Taper number 
10 



Taper number 



lar^e diameter 



small diameter 



= lengih i>| taper 



For example, a number 7 Jarno taper has a 7,8 
inch large diameter, a 7/10-inch smaller 
diameter, and a 7/Z inch, or 3 1/2 inch, length. 
The Jarno taper is used on various machine 
tools, and especially on profiling and die- 
sinking machines. It has also been used for the 
headstock and tallstock spindles of some lathes 

4-16. Taper pins and reamers. Taper pins 
have a tape of 1/4 inch per foot and come in 14 
standard sizes. Taper pins are used on assem- 
blies to secure pulhSys, gears, and shafts to 
mating members. Taper pin reamers are used to 
ream taper pinholes. 

4-17. Other tapers . There are a nymber ol 
other tapes, but they are used to such a limited 



extent that full tables are not given in 
Machinery's Handbook . One, the Reed taper , 
which is used off some lathes, has the same 
taper as 1 the Jarno taper, 0.600 inch per foot, 
but it differs in both diameter and length. The 
Standard Tool Company has two tapers: (I) 
standard and°(2) short. These takers vary from 
0.600 inch to 0,630 inch per foot. The Sellers 
taper has a 0,750-inch-per-loot taper, it has a 
keyscat the whole length of the taper but no 
tang- ■ 

4-18. Self-releasing tapers . The term "self- 
releasing" is applied to the larger tapers to 
distinguish them from the relatively small self- 
holding tapers. A milling machine spindle, with 
a taper of 3 1/2 inches per foot, is an example 
of a self-releasing taper. The included angle in 
this ease is more than 16° and the tool or arbor 
requires a* positive locking device to prevent 
slipping. The shank may be releasetKor 
removed more readily than the shank of a 
smaller taper of the self-holding type. There are 
12 sizes ol American Standard Steep Machine 
Tapers, ail of which have a taperof*3 1/2 inches 
per foot. Note, in figure I 2. the various devices 
that are used to retain and drive standard 
tapers. NOTE. Detailed information pertaining 
to exact dimensions of standard tapers may be 
obtained from machinists' publications, such as 
Machinery's Handbook, 

4-19. Checking taper s. You check tapers for 
accuracy with protractors tapered ring gages, 
or micrometers and scribed lines: 

a. Protractors are used to check tapers when 
extreme accuracy is not required and when the 
required taper is given in degrees. Figure 13 
shows how a protractor head and blade are 
used to check a steep taper. 
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FigureU Chewing upcr with a protractor heat! 

b. Tapered ring gages are use'd to check 
tapers, as shown in figure 14, Insert the tapered 
part in the gage and wiggle it. Any movement of 
the part in the gage indicates that the taper is 
incorrect. 

< Tapers may be checked by scribing equally 
spaced lines on the tapered portion of the work 
and determiniiTg the differences in diameters 
between lines with a micrometer, as shown in 
figure 15. Careful layout of the lines and 
alincmcnt of the micrometer will help to insure 
accurate results when you use this method. 

4-20 Taper Turning with the Compound 
Rest. Both external and internal tapers can be 
turned with the compound rest. You use the 
compound rest primarily to machine short, 
Meep tapers, since (he length of the taper that 
can be cut is restricted to the distance the com- 
pound can be^moved. Position the compound 
rest at an angle meirMred from the centeriine ot 
the work, figure 1 6, A* or from a line per- 
pendicular to the centeriine of the work, figure 
16,B For example, the 40° angle *jn figure 
16, B. is measured from a, Tine perpendicular to 
the" centeriine ot the work. In order to machine 
this angle. \ou must tirst - position the 
compound rest perpendicular to (he centeriine, 
and then move it the required 4'0°. The 
graduations on the base ol the compound rest 
snivel represent 1°. You obtain fractions of a 



degree by estimating the fractional spacing 
between divisions, 

4-2 1. The amount of taper *is often 
designated as taper per inch (TP1) or taper per 
foot (TPF), Frequently, no actual designation 
\>l the amount of taper is given at all. The large 
diameter (LD), the small diameter (SD), and 
the length of the taper (L of T) are specified, 
and you must find the TPI before you can set 
the compound rest properly. To determine the 
angle at which the compound rest sho,uld be set, 
use the following formulas: 



TPI 



LD 



SD 



L of T 



fangent ol the angle (t;m ) 



TPI 



4-22. Let us apply the formulas above, first, 
when the TPI is given, and, second, when only 
the dimensions of a taper are given: 

a. Suppose that a TPI of 0.800 is specified: 



Ian = 



ri>i 



0 800 



0.400 



It would now be possible to compute the angle 
at which to set the compound rest; however, it 
is more convenient to obfain it from a table of 
trigonometric functions (often called trig 
tables). This table, which is several pages in 
length., may be found in machinists' 
publications, such as Machinery's Handbook, 
and in trigonometry handbooks. To determine 
the size of the angle, go down the "tangent" 
column until you find the tangent of the angle. 
The nearest value is 0.39997. In the "M" 
column at the/ left side of the page opposite 
0,39997. you .will road 48 minutes. In the upper 
left corner "of the page, above the minutes 
column, yo.u will read 2 1 0 in boldface 
numerals. Thus, 0.39997 is the tangent,for"21° 
48 You would set the compound rest for 21 
3 4° to machine a taper per inch of 0.800. (If 
TPF had been specified, it would have been 
necessary to convert it into TPI by dividing 
TPF by 'l2.) 
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Mturmg taper per inch \wih a mscronwicf. 



b. If the dimensions of a taper are given, as 
in figure 17, the compulation would be as 
follows: v 



TPl 



LP - SD 
L or T 



Tan <L » 



TPl 



a i'250 - I 000 
0 500 

0 500 = 0 2500 



o 5(>o 



s 

which is the tangent for 14° 2'. 

4-23. Taper Turning by Offsetting the 
Tailstock* You will use the offset tailstock 
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Figure 17. Dimensions oi< a taper 

method frequently to turn long slow tapers 
because of the limitations of the compound rest 
method. Also, you will find that every lathe is 
not equipped with a taper attachment. When 
you offset the dead center by moving the 
tailstock out of alinement. the centerline of the 
work and the line of travel of the tunung tool 
are no longer parallel. A taper will be turned 
on the work, as shown in figure 18. Offset the 
tailstock. after it has been undamped, by tur- 
ning the tailstock lateral -adjustment screws. 
Position the cutting tool at center height in or- 
der to turn a true taper. 

4-24. Calculating offset. You can calculate 
the offset when you have either ( I ) the taper per 
inch and the length, or (2) the included angle 
and the length. 

When the taper per ^nch and the length of 
work are given, you can determine the amount 
ol otfset required to cut a taper by uMng the 
following formula, 

unlock on,* .roi - tJ P tff r cf x 

tcilgltl i>l work. 
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Example. To cut a taper having 0.050 TPI, 5 
inches in length on a piece of work 10 inches 
long, as shown in figure 19, the tailstock offset 
would be calculated as follows: 



TO 

TO 
TO 



TPI 

0 050 



LW 



2 

0*2*0 



X H) * 0 025 X 10 



I 4 inch 



Angle 



included 



(2) Now, determine the offset by using the 
following formula: 

Tailstock offset - tan jl X length of work 
TO « tan ^ X LW 

/ 

Example- To cut a taper with an included 
angle ol 7° on a piece of work 12 inches long, 
as shown in figure 20, the calculations would 
be as follows: 



1 1 ) Angle * ~ 
Angle - ) I 2 



(2) TO - tan 3 1/2° X '.2 
TO « 0.06116 X 12 



TO - 0,7339 - 



iul 



47 
64 



inch 



/> The amount of o'ffseuc&quired to cut a 
taper, when the included angle and the length 
of work are given, may be determined in the 
following manner: 

(I) First divide the included angle by 2 to 
determine the angle >ou must machine. 



NOTE: You sljbuld note that the length of 
taper is not taken into consideration in the 
foregoing formulas when you calculate the 
tailstock offset. You use only the overall length 
of the work and the TPI of the overall length of 
the work and the included angle of the taper. 



4-25. When you 'determine the proper offset 
for the tailstock, remember that any change in 
the length of work between centers will 
necessitate resetting the tailstock if the taper 
per inch is to remain constant. A given offset 
does not give a fixed degree of taper, becadse 
the taper increases as the length of work 
decreases, } 

4-26. Measuring offset. You may measure 
the amount of the tailstock offset by various 
methods, depending upon the nature of th,e job. 
On work that does not require a great degree of 
accuracy, you may measure the amount of offset 
by reading the graduations (called cricket 
marks) on the base of the tailstock, as shown in 
figure 2H Or, you may measure the lateral 
distance between centers with a machinist's 
rule,, as shown^n figure 22. On work requiring 
a great deal of accuracy, you may measure the 
amount of offset (1) with an inside caliper, (2) 
with the dial test indicator, (3) by using the 
crossfeed calibrated collar, or (4) by using the 
c; 1 and try method. 
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Figure \** Calculating tailstock offset when 
the dimensions arc given 
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Figure 20 Calcula'ing tailstock offset when 
the included angle, is given. 
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Figure 22 \Ku>unn£ ^hot wuh .i <acd rule 
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4-27. When you check \he offset with an in- 
side caliper, brihg the joolpost to hear lightly 
against the side jof the tailstock spindle, figure 
23,A, and then rjack it away from the tailstock 
spindle a distance equal to the predetermined 
caliper setting, figure 23. B. Then ottset the 
tailstock until trie tailstock spindle again con- 
tacts the toolpost, as shown in figure 23. C 

4-28. When y£u use the dial test indicator 
method, mount tjie instrument on the toolpost. 
position the indicator plunger to bear ligluK 
of the tailstock spindle.^and 
of offset on the indicator as 
Istock laterally. 



against the side 
read the amount 
>ou move the ta 



4-29. When you use (he erossfeed (cross- 
slide) calibrated collar method, position the 
side of the toolpost near the tailstock spindle. 
Then move the toolpost ffuwyfrom the tailstock 
spindle with the cross-slide This will eliminate 
the backlash. Now set the cross-slide gradualyd 
collar at ^ero. Movcthc toolpost toward the 
tailstock spindle with the compound rest until 
you feel a slight drag on a strip oUpiipcLhet- 
ween the tailstock spindle -and the toolpost 
when you pull on the paper. Next, using the 
cross-slide graduated collar to indicate" the 
amount ol travel, move fhe toolpost away from 
the tailstock spindle a distance equal "to the 
desired offset, Therealter. move the lail.sioek 
laterally until you foci a slight drag on a strip 
of paper between the tailstock spindle and the 
toolpost when you pull on the paper, At this 
point. \ou have obtained the desired offset. 

4-30 In the cut and try'method. jou offset 
the tailstock an approximate amount and take a 
trial cut on the work. Then measure the taper 
per inch, readjust the tailstock. ami-take more 
trial cuts until you obtain the dosired taper per 
inch. 

4-31. While the offset method of taper tur-" 
ning is widely used, it has a number ot disad- 
vantages A slight variation in the length of the 
work or the depth of center holes wiM result in 
a .variation in the amount of taper when 
duplicate pieces are being turned. The center 
holes ol the work do not bear uniform!) on the 
lathe, centers; as a result, the center holes may 
be distorted, and the centers ma\ be scored' 
Also. >ou must realine the centers' for straight 
turning after the tailstock has been oflset for 
taper tuVning. The offset method is limited to 
work held between the centers; therefore. onl\ 
external tapers ma> be turned. The degree of 
taper that can be turned is go\erned In the 
oflset ol the tailstock and the length of the 
work. The range ol oflset ol the tailsu>ck \aries 
trom approximate!) I 2 Inch on small lathes to 
I I 2 inches on larger lathes. 
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4-31 T^per Turning with Taper At- 
tachments. The taper attachment is used to 
machine both internal and external tapers. The 
length of travel inconsiderably greater than that 
o| the compound rest, however, the angle to 
which it ma> be set is limited It is more 
desirable to machine a taper with the taper 
attachment than with the offset tailstoek 
method because the lathe centers arc in 
ahnement. The wear on the centers and center 
holes is not as great, and duplicate tapers mas 
be machined on pieces of different lengths 
.without changing the taper setting. 

4-33 Description* The essential parts ot the 
taper attachment, shown in figure 24. and the 
purpose each serves are as follows 

1 \ 

< </ The carnage bracket (A) is attached to the 
*addl<j ot the lathe and supports the attachment. 

b The guide bar or swivel tB) acts as a guide 
tiK the guide .block It is swiveled and set to 
produce <he desired amount ol taper 

c The shoe or guide block (C) travels on the 
guide' bar and is attached to the cross-siide. 

</. The gmide block base (D) supports the 
guide bar , 

t\ The clamping screws tE*) clamp the guide 
bar to Us base. 

/. The bed bracken F) ulamps the guide bar 
Co the lathe bed. % 

\! The guide block gibs (not shown) take* up 
the wear H tween the gmde bloe.k and the guide 
fcar 1 ~ 

h The draw bar (G) connects the cross-slide 
to :he ^.uide block bv means ol a clamp <H) and 
relieves the push and pull on the prossleed 
screw 

4-34. Operation Taper attachments \ar> in 
design with different manufacturers, however. 



the operation of all of them is basically the 
same. Swivel the guide, bar to the desired degree 
ol taper and clamp it it! position. As the 
carriage travels along the ways, the guide block 
w4ll slide On the guide bar, causing the draw bar 
to push the cross-slide toward, or pull it away 
from, the wlprk. This, in turn, will cause the 
tool to move in a £>iane parallel to the guide 
bar, and a taper wil( be machined on the work. 

4-35. d)n taper attachments that arc-not 
equipped with a draw bar. the push or pull is 
directly'on the crossfeed screw, and there will 
be a certain amount of lost motion or backlash 
between the cYossfered screw and the nut. If 
. backlash is not* eliminated, a straight' portion 
will be turned on the work. The backlash may 
be eliminated b.y one of two methods, as 
tollow$: . 

a. Move the carriage and tool slightly past 
k the start of the cut. then -return the carriage and 
tool to xthe start of the cut. ' 

/). Move the cro.ss-slidc and the tool jn the 
same direction in which the taper runs, i%e.. 
make th^last movement oPthe-frbss-slide away 
from you when the small end of tne taper is 
lowatd the he^dstockwor toward you when the 
large end of the 'tapers is toward thp headstock. 
Any further movement of the carriage, other 
than' in the direction .of the " cut* will 
automatically put backlash in the system. 

4-36. Yaper attachments equipped with a 
drawbar do not have backlash. The drawbar 
connects the cross-slftJe directly [o the guide 
block land takes the push and pull off the 
crossfeed screw and the nut. You set the^com- 
pound rest at a right angle to the ways ancVtake 
the depth of cut with the compound rest, since 
the drawbar locks the cross-slide directly to the 
guide block, the cross-slide cannot |?e moved 
with the crossfeed screw. The*gui'de bar, which 
is swiveled and set to give the desired taper, is 
graduated in taper per foot on one end arvtl 
degrees of taper on the opposite end. as shown 
in figure 25. To set the guide bar for the proper, 
taper when the taper per inch is given^ multiply 
by 12 to get the taper per foot and set the 
graduated scale to the nearest fractional setting. 

4-37. Let us assume that you are setting up a 
taper attachment prior to machining a drill 
sleeve lor which a number 2 Morse external 
taper is specified. What setting would you use 
tor the first trial cuts it you had decided to u$e 
the taper-per-toot graduations? The degree 
graduations? You can determine the taper-per- 
toot setting in the following manner: Find the 
taper per inch of a number 2 Morse taper in a 
maetymst publication, such as Machinery's 
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f-itiurc 2* duiJc 

Handbook. (TPI = 0.0499J.) Convert the 
taper per inch into taper per foot. 

TPF = TP! X 12 
TPF o 3o499> x i2 
TPF * 0 5994 

Convert the decimal to a fraction, using a 
decimal equivalent table: 

1 9 

0 5994 « tO««>*" , i 

• *> 

Set the taper attachment to obtain a 19 , 32-per- 
foot taper. NOTE: Taper attachments are otten 
graduated in 1/8-inch-per-toot increments: 
therefore, you may have to estimate bettings that 
fall between the 1 /8-inch graduations. You can 
obtain sufficient accuracy for the first trial cuts 
by setting the taper attachment for a taper of 
slightly less than 5/8 inch per foot. 

4-38. If you had decided to use the degree 
graduations, you would determine the degree 
setting in the following manner: 

rpi 

Find the tangent of the angle <Tan^-= ) 

~ 0 0499* 
Tan ^_ = 

Tan ^ *» H02497 

Look in a table of trigonometric luncti >ns and 
find the angle represented by the :angent \ou 
have calculated. 

Tan 0<C49" * I 2* 
or 



h»ir gradual ion 

NOTE. The degree graduations on most taper 
attachments represent the included angle of the 
taper. Therefore, you would set the taper at- 
tachment to indicate twice the angle you have 
calculated, or 3° 

4-39. Toolpost Grinder. The toolposl grin- 
der is a portable grinding machine that can be 
mounted on the compound rest of a lathe in 
place ol the toolpost and can be used to 
machine work thai is too hard to cut by or- 
dinary means or to machine work that requires 
a ver> fine finish. Figure 26 *hows a "typical 
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f i^uK 2? Mini nnng he grinder .ii comer height 



too I post grander. The grinder must be set on 
center, as shown in figure 27. The centering 
holes located on the spindle shaft are used for 
this purpose. The grinding wheel takes the 
place ot a lathe tool bit. It can perform most of 
the operation* that a tool bit is capable of per- 
forming. Cylindrical surfaces, tapered surfaces, 
and internal surfaces cart be ground with the 
toolpobt grinder. Ver> small grinding wheels 
are mounted on tapered shatts known as quills 
in order to grind internal surfaces/ 

4-40. The grinding wheel speed is changed 
oy using various sizes of pulleys on the motor 
and spindle shafts. An instruction plate on the 
grinder gives both the diameter of the pulleys 
required to obtain a given speed and the 
maximun safe speed for grinding wheels of 
various diameters. (CAUTION, Grinding 
wheels are sate for operation it a speed just 
below the highest recommended speed. A 
higher than recommended speed will result in 
the increase in centrifugal force which may 
cause the wheel to break This is one reason 
that they otter proiection in case you select a 
highej speed by mistake. Avoid such a mistake 
by caretul checking.) 

Wheel guards arc furnished with the toolpost 
grinder Always check the pulley combinations 
given on the instruction plate of the grinder 
when you mount a wheel. Be sure that the com- 
bination is not reversed, because this may cause 
the wheel to run at a speed far in excess of that 
recommended. During all grinding operations, 
wear goggles to protect your eyes from Hying 
abrasive material. 

4-41. The grinding wheel must be dressed 
and trued. Use a diamond wheel dresser to 
dresb and true the wheel. The dresser is held in 
a holder that is clamped to the driveplate. Set 
, tne point ot the diamond at center height and at 
a 10° to 15° angle in the direction of the grin- 
ding wheel rotation. The 10° to 15° angle 
prevents the diamond from gouging the wheel. 



Lock the lathe spindle by placing the spindle 
speed control lever in the low rpm position. 
(NOTE: The lathe spindle does not revolve 
when you are dressing the grinding wheel. 
Remove the diamond dresser holder as soon as 
the dressing operation is completed.) Bring rhe 
grinding wheel into contact with the diamond 
by carefully feeding the cross-slide in by hand. 
Move the wheel clear of the diamond and make ' 
a cut by means of the cross-slide. The maximum 
depth of cut is 0,002 inch. Move the wheel 
slowly by.hand back and forth over the point of 
the diamond. Move the carriage if the face of 
the wheel is parallel to the wiys of the lathe, or 
move the compound rest if the face of the wheel 
is at an angle. Make the final depth of cut of 
0.0005 inch with a slow, even feed to obtain a 
-r good wheel finish. 

4-42. Rotate the work at a fairly 'low^speed 
during the grinding operation. The recom- 
mended surface speed is 60 to 100 feet per 
minute (fpm). The depth of cut depends upon 
the hardness of the work, the type of grinding 
wheel* and the desired finish.-, Avoid taking 
grinding cuts deeper lhan 0.002 inch until you 
gain experience. Use a fairly low rate of feed. 
You will soon be able to judge whether the feed 
should be increased or decreased. NOTE: 
Never stop the rotation oT the work or the grin- 
ding wheel while they are in contact with each 
other. 

4-43. Toolpost grinders are often used to 
refinish damaged lathe centers. If the lathe is to 
be used for turning between centers in the near 
future, grind the tailstock center first, then the 
v headstock center. Leave the headstock.center in 
position for the turning operation. This method 
orovides the greatest degree of accuracy. If the 
^ istock spindle ma^t be removed in order to 
perform other operations, a mark placed on the 
headstock spindle sleeve and center will enable 
you to install them in the same position they 
were in when the center was ground and thus 
insure the greatest degree of accuracy for future 
operations involving turning work between 
centers. 

4-44. Parting. Parting, also called cutting 
oft. is the process of cutting a groove around 
revolving work in order to sever part of it from 
the piece held in the lathe. Parting is used 1 1 ) to 
cut off parts that have already been machined in 
the lathe, (2) to cut off tubing and bar stock to 
required ic^gths, (3) to machine neck* and 
grooves in material, and (4) to cut off material 
that would be impractical to saw in power 
hacksaws. 

4-45, Parting tools. Three types of tools are 
commonly used for parting: the (J ) solid, 
forged type, (2) high-speed steel cutter bjades 
which are held in patented toolholders, and (3) 
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•oo|«, ^rcund to shape from tool bits. Example* 
tor th^e nree types are shown in figure 28. 

4 -4b The ro/fV/, Jotted type parting tool is 
forged from either carbon steel or high speed 
steel and is ground to meet the requirements oi 
..ie;'>'- *t hand. It may he either straight or on- 
set. This tool is being rapidly replaced by the 
.wser.Vt' (inter blade type parting tool 

4-47. The inserted blade type parting tools 
a/e nv,.Io ,r. a variety of»sizes and are held in 
special tQolholders. The toolholders are 
available in straight and offset types, as shown 
in fuve 29. You can sharpen the blades 
Npsa 1 * 1 .; rM replace them when they are loo 
sh^ri ;c hoid safely m the toolholder Some 
blades are manufactured with the necessary 
fiJi.L ariu 3ide relief angles ground in them, 
only the end relief is ground when you sharpen 
lh«j;i. f/« :A relief \s the clearance ground on 
botfi s»o;s o- the parting tool behind the cutting 
?ag,i. Ftank relief helps to prevent the sides ot 
the oarttag ;ool from contacting the sides of the 
groove uiat is formed during parting. 

4-43. Farting tools ground from tool bits, as 
shown in figure 30. are used mostly v>n small 
w ,rK. i"«e uutting edge may be ground straight 
>r vfLc. :hown in figure 30.A and B. The 
top o. is ground down, as shown in 



figure 30. C. to eliminate the excessive baU. 
rake created by the toolholder. 

4-49. Part aw tool geometry. The general 
shape ol parting tools is the same lor »tll three 
types They are ground so that l Ik eu:w« r c-jjie 
is (he widest part of the tool. Grind o«n» s»ue> 
ol the tool with 1° to 2° oi hack Jeaumce <m 

t Hank relict, figure 3 I. A. and V side clearance. 

-.figure 3 LB. Back rake is usually eliminated. 
The end relief should be approximately 15* .a. 
parting soft metal, such as brass (fig. 3 1.C). For 
steel and harder metals, a back rake ot about 5 s 
gives freceutting action and helps to curl the 
ehipT* and the end rebel should be ap- 
proximately 10° (fig. 3I.D). In order lor the 
tool to have maximum strength, the length ol 
the culling portion of the blade should be 
slightly greater than hah the diametci ol the 
work lo be parted. 

4-50. Parting tool \rtup Work to be parted 
should be held in a chuck, preferably the lour- 
iaw type, with the pi<fht at which the pining is 
lo occur as close as possible to fhe ehuek jaw \ 
Always make the parting eul at a right angle lo 
the ccnterline of ihe work and feed ihe tool into 
the revolving work wiih ihe eross-slidc unul the 
tool completely severs ihe wwrk. A power teed 
of approximately 0 002 inch per revolution 
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Figure 30 Parting lools ground I ruin lool bn> 

may he used. However, you have better control 
of the tool it' you feed it by hand. 

4-51. Cutting speeds for parting are com- 
parable to turning speeds. You should use a 
feed that will keep a thin chip coming con- 
tinuously from the work, it chatter occur*, 
decrease the speed and increase the Iced. If the 
tool tends to gouge or dig in. decrease the feed. 
The parting tool should be at center height. It- 
must be square to the work axis to prevent the 
tool from binding in the cut. 
* 4-52. On large diameter jobs where there is 
danger of the tool binding in the groove, you 
should use the step-parting method. In s:ep par- 
ting you teed the tool into the work a short 
distance. Then you withdraw the tool from the 
groove, move the carriage slightly to one side, 
and feed the tool in again. This leaves only one 
side of the tool in contact with the groove and 

BACK 
CLEARANCE 
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prevents binding. Take Alternate cuts until ttfe 
work is cut off. 

4-53. The length of* the portion to be cut off 
may be measured by placing the edge of a steel 
rule against the side of the work and the end of 
the rule against the side of the parting tool. 
Move the carriage until the desired length is 
obtained. You may alsa aline the parting tool 
to a layout line scribed on the work. NOTE: 
Always lock the carriage in position to prevent 
it from moving vvhile you are taking the parting 
cut. CAUTION; Never attempt to catch the 
piece that has been parted off. 

4-54. Spring Winding. When a small num- 
ber of springs of the helical or coil form are 
needed in connection with repair work it is 
common practice to wind them on the lathe. 
When springs are manufactured in large quan- 
tities, special soring winding machines are used. 
Single coil springs are made on a, lathe using 
the simple setup shown in figure 32. 

4-55. Coil springs may be of the tension or 
the compression types (fig. 33). A tension 
spring, figure 33.A. is one in which the coils lie 
one against the other as in a screen door spring. 
When tension or pull is exerted on the spring, 
the coils are spread apart and the tendency of 
the spring is to pull back to its original form. A 
compression spring, figure 33, B, is^ one in 
which \t)c coils are wound a definite distance 
apart with "a fixed space between them. The 
valve springs of automobiles are an example of 
compression springs. When force is exerted on 
the spring it is compressed and the coils have a 
tendency to push or spring back to their, 
original form. 
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F»gure 32. Winding springs in a lathe. 
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Figure 33 Coil springs. 

4-56- *Wre material. Different grades 

anu types of spring wire material are used for 
winding springs because of the different 
i?qu'i!ef '.fits, such as resistance to fatigue, 
Vjrro*iC~ temperatures, etc. Steel containing 
u\A,ut i percent of carbon and comparatively 
free from phosphorus and sulphur, known as 
spriag mccI, is ordinarily used for springs. For 
small springs, music wire is used to a great ex- 
:cpi and ^ r h<? best material obtainable for this 
puo>o>e, Ma^ic wire. ranges from .004 inch to 
.»4(> inch in diameter. The carbon cbnterit of 
music vr.ro varies from 0.70 percent to 1.00 
peroir.. \> m * nanganese from 0.25 percent to 
"0.4U ptrcent. Music wire is more expensive 
than ordinary spring wire, but can be subjected 
:o h.;l"c: stresses. Phosphorus bronze wire may 
?e -se<1 if «t^el wire would corrode rapidly. It 
U3V*:1* ■ * about 5 percent tin, a trace of 
. phospl.ot j^i to prevent brittleness. and the 

er ,» .* ~:o?ei. Brass wire is inferior, to 
ohc\» *> • s bronze wire out may be used when 
*n<, co*' «• .» material is an important factor, 
Monei ana *:.co:iei have excellent corrosion 
.w^ibtant piOtfcrlies and will withstand ab- 
roroially '112*5 temperatures. 

. a is of springs. You can wind 

-1 i- ... /■« 3 on mandrels of the proper 
S17 \ v ire ot 'he required material 

an. ■ v ^iss the wire between wood or 



brass blocks or through a spring wire holder. 
Fasten the end of the wire between a chuck ja»v 
and the mandrel. The other end of the mund;e! 
is supported by -the tailstock center. Manure:* 
having a diameter greater than 3/8 inch are he 10 
in a lathe chuck, while mandrels less than 3/3 
inch in diameter may be held in a drill chuck. 
Clamp the wire between the blocks or >n 
wire, holder just tight enough 10 keep tt from 
slipping and still hold a uniform tension on ue 
wire so that it is wound tightly agaiojt the 
mandrel. When the spring is wound, to the 
desired length, relieve the tension, clip the wire 
off, and remove the spring from the mandrel. 

4-58.' Springs are wound on the laihc by 
causing the lathe carriage and the wire holder 
to move a distance equal to the lead ci* i".;e 
required spring for each revolution of the spin- 
dle. The speed at which the lathe lead screw 
turns in relation to the speed of the lathe spin- 
dle determines the distance the carriage and 
wire holder will advance when the half nut is 
closed over the lathe lead screw. The motion of 
the spindle is transmitted to the lathe lead 
screw through a train of gears> The carriage is 
caused to move by the closing cf the sp f « ; * nut 
on the revolving lead screw. The lathe L ^sarc^ 
to the pitch or lead of the spring ,to be wouni. 

4-59. Nearly all modern lathes are equipped 
with a quick change gearbox. Changes to ac- 
commodate a wide range of leads can be fnade^ 
quickly by simply sliding the gears in the quick" 
change gearbox by means of a lever On older 
type lathes, to increase the range of leads, the 
change gears are changed by hand to establish 
various speed ratios between the spindle and 
the lead screw. Each time a different lead is 
required, the change gea"; must be changed. 

4-60. The number of coils per inch or lead 
produced depends upon the number of turns 
the work makes while the lead screw moves the 
carriage and wire holder I inch. As an example, 
a lead screw having four threads per inch will 
make four revolutions to move the carriage and 
wire I inch along the mandrel. If the ratio of 
the change gears were I to I so that the number 
of revolutions of the spindle and the lead screw 
were the same, then four coils per inch would 
be wound. If the spindle revolved twice as fus; 
as the le&I screw, then the spindle would ma^e 
eight turns while the carriage moved an inch 
and eight coils per inch would be wound. This 
difference in speed ratio of lead screw and spin- 
dle may be established oy using a combination 
of change gearing. 

4-61. Filing. When you file work in the 
lathe, hold the point of the file at an angle of 
approximately 10° toward the tailstock end of 
the lathe. Pass the file slowly over the revolving 
work so that the work turns several revolutions 
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before the stroke is completed. Exert less 
pressure than tor ordinary bench tiling, as only 
a small area ot ihe tile and work are in contact 
when you are tiling round work, Release the 
pressure on the return stroke without lifting the 
r^le from the work. Clean the teeth of the, file 
frequently^) (hat the metal that lodges between 
the teeth of the file will not scratch th^work or 
impair the cutting action of the file. CAUTION, 
rieep v^our hands and arms clear of the chuck or 
other work -driving devise to avoid injury, and 
never use a file without a file handle. 

4-62. You will usually use a mill file when 
you I ile work in a lathe. Use a bastard cut null 
file tor rough filing and a second cut mill file 
o.i work requiring less stock removal and a , 
finer finish. Use other types of files, such as 
round and half-round files, to file radii, fillets, 
and curved surfaces. 

4-63. The spindle speed for tiling ferrous 
metals is four to five times faster than the rough 
turning speed. For nonferrous metals the speed 
i* two to three times faster than the rough tur- 
ning speed. If the speed is too slow, there is 
danger of filing the wofk out of round. If the 
speed is too fast, the file has a tendency to sitde 
over the work, causing it to dull rapidly and to 
glaze the work. The amount of stock left for 
filing is 0.002 inch to 0.005 inch. 

4-b4. Polishing. Polishing the work with 
abrasive cloth or sandpaper is done primarily 
to improve the finish. Since polishing also 
removes a very small amount of material, it can 
also be used to accurately fit mating parts, such 
as shafts and bushings. Usually, 0.00025 inch 
to 0 0005 inch is allowed for polishing. Use 
successively finer grades of abrasive cloth or 
sandpaper to produce a very tine finish. Use 
abrasive cloth for ferrous metals and sandpaper 
for nonferrous metals. 

4-65. The spindle speeds for polishing are 
very high, the recommended surface teet per 
minute SFM is 5000. A great deal ot heat is 
generated becayse of the high speed and the 
triction of the abrasive cloth against the work. 



The work will expand rapidly because A the 
heat. Therefore, you should lubricate'and ad- 
just the tailstock center frequently when you 
are polishing between centers. To determine 
the spindle^speed, use the following formula. 

4 X 5000 

rpni =» " 

work diameter ^ 

4-6$. Keep jhe ends of the strip separated. 
This prevents the strip from graboing and win- 
ding around the work, which could pull your 
hand around with it> Move the abrasive strip 
slowly back an^i forth along the work to 
prevent the formation of polishing rings on the 
work surface. Polishing rings are a series of 
closely spaced parallel blemishes in the finish 
around the circumference of the work. The 
blemishes are burned and scratched areas 
caused by the loading of the abrasive st^ip and 
the trapping of coarse abrasive particles bet- 
ween the "-work and the abrasive strip. 

4-67. Knurling. Knurling is the process of 
rolling or squeezing impressions into the work 
by means of hardened steel rollers that "have 
teeth milled in their faces. Knurling provides a 
gripping surface on the work; it is used also for 
decoration. Knurling increases the diameter of 
the' work slightly. 

4-68. Knurling tools. The three common 
types of knurling tools are the knuckle joint, 
shown in figure 34,A, the revolving head, 
shown in figure 34, B, and the straddle, shown 
;n figure 34, C. The revolving head type has 
three sets of rolls, while the knuckle ancf strad- 
dle types each have one set of rolls. NOTE: The 
straddfe-type knurling tool is used primarily to 
knurl small diameter work. The work revolves 
between the two rolls and is not distorted 
because the pressure of one roll counteracts the 
other. 

4-69. There are two patterns of knurls, 
diamond and straight line, and three pitches, 
fine, medium, and coarse, in each pattern. The 
diamond vs the most common pattern, and thk 
medium is the most common pitch. The coarse 
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(SINGLE PAIR Of ROLLS] (FITTED WITH THREE 

PAIRS Of" ROLLS) 
Figure 34 T>pcs ot knurling toois 
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pitch is used* for largo diameter work and the 
iine pitch foi small diameter work. 
4-70. Knurling setup. The knurling tool is 
/ Sb>itioned with the faces of the rolls parallel to 
— die surface of the work and with the upper and 
lower rolls equally spaced above apd below the 
work axis. The spindle speed should be ap- 
proximately half the rough turning speeds but 
do not exceed the highest speed permitted for 
-nun^ tbc feed reverse mechanism on the 

itjw. The fe^d should be between 0.015 inch 
and*0.OV u v.i. The center holes should be as 

rs;e as ^encal to provide as much bearing 

mace as possible *u absorb the pressure yf the 
knurling tool. Work mounted in a chuck should^ 
also be supported at the tailstock end with a 
center to prevent damaging the work or 
destroying the accuracy of the chuck. 

4-71. T/w knurling operation. You perform 
Lie knuriing operation in two ways: (I) for or- 
dinary knunyig and (2) fof knurling between 
layout lines. 

4-72. Ordinary knurling is performed in the 
toliowuig manner. Set up the work and lay out 
ibe leng*b of the portion to be knurled. Six up 
the knurling tool. Set the lathe for tHc .correct 
spindle speed and the correct feed. Check the 
1 njrlm^ J ool to insure that the rolls revolve 
treety and that the revolving head is free to 
.neve a'so. Oil the rolls and the pins on which 
(he rolls revolve by flooding the knurling toot 
k»!ad wit** oil. Apply oil to the work and the 
'•marling u'ol generously during the knurling 
operation. Apply oil to the surface of the work 
ooposiie the knurling tool with an oilcan (keep 

.,e spout well away from the knurling tool > 
iulis»\»r with a brush. CAUTION: Keep rags, 
brushes, and yodr fingers away from the 
xn irli. ? tool during the knurling operation. 
4-7.V Position the carriage so that a third to^ 

a h.'.lt • , In* lace of the roils extends beyond thL r 
en«^ u! - '.crk. This eliminates part ol the 
orco.ji j quired to start. the knurl impression. 
Fo;;v il.. 1 !w..:rling roils into contact with the 
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work. Engage the spindle clutch. Chcrf the 
knurl to see if the rolls have tracked properly, 
as shown in figure 35, by disengaging die Juich* 
after the work has revolved three or four umcs 
and by backing the knurling tool away fro-n i!k* 
work by means of the cross-slidv. If the rohs 
have "double tracked," as shown in figure 3 J. 
move the carriage to a new focation and r:pe.< 
the operation. If the knurl is correct!) formed, 
engage the spindle clutch and the carnage leeu 
Move the knurling rolls into contact w:th the 
knurled impressions. (The rolls will aline them- 
selves with the impressions.) Allow the tool to 
knurl to within 1/32 inch ol the layout line. 

4-74. Disengage the carriage feed and. with 
the work revolving, teed the carriage b> hand to * 
extend the knurl to the layout line. Koitfe the 
knurling tool slightly deeper into the /or.v. 
reverse the direction of the carriage Iced, and 
engage the carriage teed. Allow the knurling 
tool to feed to the right until approximately 
half ol the rolls extend beyond the end ol the 
work. Never allow the knurling tool to feed en- 
tirely ofl the end of the work. Repeat the 
knurling operation until the diamond shaped 
impressions converge to a point If additional 
passes are made after the pattern has 
completely formed, the points ma> t : *t» ppcJ 
aw # ay from the surlace. Move the knurling tool 
away from the work and. with the ivork 
revolving, clean the knurled work surlace with 
a file brush. Remove any tfurrs, which may have 
tormed at the end of the work due to ihe 
knurling pressure, by machining or by lilmg 

4-75, You use a slightly different method to 
start the knurling operation when you knurl 
between layout lines. You can perform this 
operation in the following manner. Set up the. 
work, lathe and knurling tool as usual Suing 
the compound rest to the right 5° to reduce the 
starting pressure. Position the ^knurling tool 
slightly to the left of the right-hand layout lire 
and start the knurl by lorcing the corna ol the 
roll into the work surface. Move the carriage hj 
hand, it the knurl is tracking properly. e\- 
tend the knurl to the right-hand layout hoc* 
Move the knurling tool clear of the work and 
position it parallel to the work surlace h\ 
swinging the compound rest back to the letr ^ 5 
Contmue the knurling operation in the sin i 
manner as knu/ling to the end ol the ^hait 

4-76. Regardless of the method M knur,:i g 
that you use. do not allow the work to ro\tte it 
the knurling tool is contacting it and the 
carriage tra\el is stopped, or iings will tnim. as 
shown in figure 3b. Do not stop the work 
without relieving the knurling tool procure 
The pressure may distort or spring the -vorK 
Remember lo keep the knurling tool and the 
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TOOL TRAVEL WITH WORK REVOLVING 

Figur'c 36 Rmg> on .1 knurled surlacc 

work well oiled throughout the operation. 
Checlc the adjustment i*f the tailstock center 
frequently. The pressure of the knurling 
operation may cause the centers to loosen 
slightly. 

5. Lathe Attachments 

5-1 Lathe attachments play an important 
role in the production and repair of aire ratt 
and equipment parts. Thc> increase the output 
ot fhe shop h> taking the place of machines 
which can do only a few jobs. This helps to cut 
operating costs. YVc will discuss some of these 
attachments, 

,.5-2. Turret Attachment. The turret at- 
tachment is a cylinder or head arranged to turn* 
and slide on the ways of a lathe. It may be fitted 
with sockets or chucks to receive the various 
cutting too!$« This attachment can be of great 
help in limited production work. 

5-3, Thread-Chasing Dial. The thread- 
chasing dial, shown in figure 37. is a device that 
indicates the position at which to close ihe split 
nui so that the tool will always follow in the 
same groove as the previous cut. It is ol great 
assistance in cutting threads in the lathe, 
especially when the thread to be cut is, not a 
common division or multiple of the lead screw 
pitch. The dial is attached to the carriage and 




.driven by means of the lead screw. An -.in- 
struction plate, which is generally attached to 
the apron of the lathe, gives information about 
the use of the'thread-chasing dial for various 
threads. Carefully observe it before you start 
the threading operation. Some types of lathes 
are not equipped with thread-chasing dials, but 
have a reversing lever to take its place. When 
you cut threads with this type of lathe, it is 
necessary to withdraw the tool at the end of the 
cut and reverse the direction of motion of the 
lead screw. When the thread being cut is a 
multiple of the threads per inch on the lead 
screw, the split nut may be closed at any 
position and it is not necessary to use the 
thread-chasing dial. 

5-4. Center Rest. The center rest consists of 
a frame and three adjustable jaws, figure 38, 
which support the work at some point along the 
axis of the work. One purpose of the center rest 
is to prevent springing or deflcdtion of slender 
flexible work. Another is to furnish auxiliary 
support to permit taking a heavier cut. Still 
another is to support work for drilling, boring, 
or internal threading. An overarm is provided 
so that work may be removed and replaced 
without disturbing the jaw adjustment in order 
to permit machining duplicate pieces. 




Mgurc Center rcM 

.So. The center rest .may be used on 
work held in a lathe chuek or on work held on 
the headstock center. It is first necessary, to 
machine a concentric bearing surface on the 
work, at the place where rhe jaws are to be ap- 
plied. Alter the work is mounted and the center 
rest is clamped m place to the ways of the lathe, 
the jaws are carefull) adjusted to the surl ice of 
the work. A slight clearance must be le t bet- 
ween the jaws and the work to alh v for 
lubrication in order to prevent scoring )f the 
work and the center rest jaws. When \< u are 
adjusting the center rest laws to ground work, 
copper shims may be used between the jaws and 
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Figure 39 Cuhcad, 

♦vofk to prevent marring the finished surface of 
the work. * 

5-6,. Catheads, The cathead, figure 39, con- 
suls of a concentric bearing surface and a series 
of adjustable set screws. The cathead is used to 
provide a bearing surface for the center rest 
jaws on work of an irregular nature, hexagonal 
and*" - "T!rc stock, or on long slender work that 
u :co jMuII far- the center rest jaws. When you 
use the cathead, the bearing surface is adjusted 
to the ^vork by means of the adjusting screws 
until it runs true. A dial test indicator may be 
i.S**d to .'vk the trueness of the bearing sur- 
uiwc ^ the work is revolved by hand. The cen- 
ter r\sst jaws are then adjusted to the bearing 
v + ?.cc of the cathead. 

5-". Slower Rest, Long shafts that are 
iikw!> ^ be sprung out .of alignment b> the 
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thrust of, the cutting tool oUen require the c-jp. 
port of a follower rest, figure 40. A follower 
rest mounts on the carriage of the lathe <»nu 
hence moves with the tool, backing up the 
opposite'the point of tool thrust. Follower :esis 
* have two adjustable supporting jaws. Or*e hoicj 
the work down to prevent the tendency to Ciinib 
on the tool. The other is behind the work to' 
counter the thrust of the took 

5-8. The cutting tool may be set to 'preccuo 
the jaws of the follower rest for the first cut an-i 
ttfen set to foljow the Jaws foMhe second cut. 
This eliminates the necessity of adjusting th« 
jaws for each cut The jaw adjustments are madts 
the same as the center rest. 

5-9. A follower rest is useful in turning and 
threading -long work of smali diameter. Since 
the diameter of the work does not change, one 
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Figure 41 Micrometer carriage stop 

adjustment of the jaws is sufficient. When it is- 
used in a threading operation, it is necessary to 
remove any burrs by filing. Burrs which may 
* bear against the follower rest jaws ma> cause 
the work to revolve out of alinement. 

5-10. Micrometer Carriage Stop. The 
micrometer catriage stop, shown in figure 4 I . is 
u od to accurately position the lathe carriage. 
Move the carriage so that the cutting tool is ap- 
proximately positioned. °and ^cla-mp the 
micrometer carriage stop to the ways of the 
lathe, with the spindle in contact with the 
carriage. The spind4e ot the micrometer 
carriage stop can be extended or retracted h) 
means of the knurled adjusting coliar: ihe 
graduations on the collar (which indicate 
movement in thousandths ot an inch) make it 
possible for you to accurately *ct the spindle 
Next, bring the carriage into contact with the 
micrometer spindle again. The carriage can he" 
accurately positioned within 0.001 ot an inch, 
which is srery usetul when you are lacing to 
! ength or machining shoulders to an exaci 
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length. After making a cut, bring the tool back 
to the start oi the cut by means of the carriage 
stop. This feature is very useful when you must 
remove a tool, such as the internal recessing 
tool, from the hojd to take measurements and 
thep reposition it to take additional cuts. 
NOTE. Always bring the carriage into contact 
with the stop by hand. Use power feed to bring 
the carriage within 1/32 inch of the stop, and 
move the carriage by hand the remaining 
distance 

5- 11 Radius Attachment. This attachment 
may be one of two types One fits directly on 
the compound rest and is equipped with a han- 
dle to swivel the tool in the "'desired arc The 
other type occupies the place of the cross-slide 
and compound rest. You can rotate the tool by 
hand feed or by power if the attachment is 
geared to the apron of the lathe. Figure 42 
shows a hand-operated radius attachment being 
used to machine a convex radius. 

o Special threading Operations 

6- 1. You will occasionally be required to do 
special threading operations, such as the cutting 
square threads, Aeme threads, multiple threads, 
metric threads, and odd size threads. The 
following information will assist you in the 
identification and machining of these types o£ 
threads, 

6-2. Cutting Square Threads. The principle 
uses ot square threads are for jackscrews and 
tor some machine tool feed screws. Square 



threads have been replaced to a large extent, 
however, by Acme threads, because of the dif- 
ficulty encountered in machining the square 
threads. 

6-3. A square thread is a thread whose sides 
are parallel. The depth of the thread is equal to 
the width of space between the teeth. This space 
is, theoretically, equal to one-half of the pitch. 
It is necessary, in practice, howcver,^to make 
the space in the nut a trifle widei^han the 
thread to permit a sliding fit. The threads in the 
screws are made exactly according to the 
theoretical standard. The width of the point of 
the tool lor cutting screws that require. only an 
ordinary degree of finish and cut with one tool 
is. theretore, exactly one-half of the pitch. The 
width ot the point of the tool for cutting taps 
which are U> be used for threading nuts is 
slightly less than one-half the pitch. The width 
<o\ an inside thread tool for threading nuts is 
slighTly more than one-half the pitch. 

6-4. Since square and Acme threads are 
usually cut with a relatively coarse pitch, a 
large helix angle 1 is produced. Therefore, 
careful attention must be given to the clearance 
of'the tool bit. In order to check accurately the 
amount of clearance necessary to prevent bin- 
ding of the bit in the groove, a gage may be 
made, as sho.wn in figure 43, To make such a 
gage, you should scribe a line at 90° to one side 
of a small rectangular piece *>f sheet metal and 
on it lay off a \distance equal* to the cir- 
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cumference of the thread tp oe cut at its minor 
diameter.. At one end of this line and at right 
angles* to it, lay off a distance equal tp the pitch 
oi the thread to be cut. Connect the ends of 
these .wo lines, and the angle of this third side 
is the angle»of the required thread at its minor 
diameter. The sheet metal is then cut off along 
this last line and the tool bit is gaged as 
illusirated in figure 42, The tool bit is 
considered correctly relieved . when its side 
clears the gage from 3? to 6°. 

6-5. For square external and internal 
jinrt.'.U' 1 ^, the compound rest is set parallel to 
the axis of the machine in order that material 
may easily be removed during finishing cuts. 
For precision thread cutting, a tool bit having 
0^ side rake with respect to. the helix angle and 
Wuu'.d (Mm 0.($2 inch to 0.008 inch un- 
dersize is used for the roughing cut while 
finishing is accomplished with ftol bits having 
lut d.v. n?ht rake. The front and back sides of 
:he ,.;vau are finished by moving the com- 
pound rest parallel to the axis. N # 

6-6 Cutting Acme Threads, The American 
Standard Acme thread is a thread whose depth 
equaC une-half the pitch plus an allowance lor 
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clearance, and the sides of the thread lorm an 
included angle of 29°, as .shown in hgurc 4- 
The allowance for clearance for a, single depth 
is ,010 inch on threads of 10 per inch and Ijs». 
and .005 inch on threads of more than 10 p(r 
inch. Formulas tffceompanying figure 44 for 
depth and root values a«c for threads having 
.010 inch clearance (I to 10 threads per inch, 
inclusive). The pitch is equal to one divided h} 
the number of threads per inch and is \wittcn ? 
== l/N. (For example, if a feed screw has eight 
threads per inch, the pitch is l/N or I 8 inch ) 
Since the depth of thread is 1 \l* plus 
clearance, the pitch formula can be transformed 
into the depth formula as follows. Depth = 
(I/2N) + .010" = (.500/N) + .010, as'shQsvn 
in figure 44. % • 

6-7. The Acme thread i$ gencrall) used on 
feed screws where it is rapidly replacing the less 
durable square thread., An Acme thread is 
slightly weaker but wears- less rapidl) than the 
square thread and may be cut with a die more 
readily than a square thread. When an Acme 
thread is engaged by a half-nut. as in a lathe 
apron, engagement or disengagement is mure 
readily made than with a square thread An ad- 
justable split nut may be used in connection 
with an Acme screw thread to compensate for 
wear and to eliminate backlash or lost motion 
because of its angular sicJes.-The lathe setup for 
cutting the 29° thread is the same as that used 
for cutting a square thread. 

6-8. The Acme thread is cm on the lathe 
with a tool which has been ground to fit the 
correct pitch of a 29° Acme thread g<:ge. It the 
same tool is to be used lor both toughing and 
finishing operations, it is ground to an included 
angle- of 29°, a side clearance ol 3* to h* with 
respect to the thread helix. 0° side <md had" 
rake, and for a thread »me pitch smaller than 
the thread being cut. After the thread is cut to 
the correct depth, the cutting ^jdgc ol the 
roughing tool is sharpened and reset in the 
same position for finishing each side ol the 
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thread individually by feeding the compound 
rest (set parallel to the ways) to the right and 
left lor the depths ol eui This method wiJT 
prove saitslaetory lor most ol the finer pitches 
and for threads requiring an ordinary degree ol 
finish. For precision Acme threading, the 
roughing tool is used as previously described 
and the sides of the thread are individually 
finished by the use of two separate finishing 
tools, each having side rake with respect to Jhe 
*«de being finished. Their cutting edges- are in* 
dividually sei horizontally at center height and 
to the tool setting gage similar- tu the precision 
finishing operations used for American Stan- 
dard threads and a square thread. 

6-9, For the coarser pitches that are to be 
finished by individual finishing tools, the 
roughing tool may be ground with 0° side rake 
with respect "to the helix angle of the thread in 
order to produce a free cutting action. During 
the roughing operation, the depths of cut for 
large threads may be alternated between the 
cross-slide and compound rest in order to 
eliminate gouging that may occur when cutting 
with all three edges of a large Acme threading 
tool. Another method sometimes used for 
roughing oui the thread is cutting the Acme 
thrcadjo the properdepth using a square tool 
having a width equal to the width of root of the 
Acme thread. This "method is less desirable 
because the square tool is not as strong as the 
Acme tool and more time is required to com- 
plete the thread. 

6-10 Cutting Multiple Threads. A multiple 
thread, as shown in figure 45, is a combination 
ot two or more threads, parallel to each other, 
progressing around the surface into which they 
ar,e cut. If a single thread is tK^ught ol as taking 
the form of a helix, that is. of a string or cord 
wrapped around a cylinder, a multiple thread 
may be thought pi as several cords lying side by 
side and wrapped ground a cylinder, There may-, 
be any number of threads, and they start at 
cqual!> spaced intervals around a cylinder. 
Multiple threads are used in cases where rapid 
movement ol the nut or other atiached parts is 
desi c red and any weakening of the thread is to 
be avoided. A single thread having the same 
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Figure 46. Cutting muluple threads. 

lead as a multiple Thread would be very deepen 
comparison to the multiple thread. 

6-11. The tool selected for cutting multiple 
threads has the same shape as that of the thread 
lo be cut and is similar to the tool used for cut- 
ting a single thread except that greater side?, 
clearance is necessary. The helix angle of the 
thread increases with an increase in the 
multiple thread. The general method for cutting 
multiple threads is about the same as for single 
screw threads, except that the lathe must be. 
geared to the number of single threads per inch, 
or with reference to the lead of the thread, and 

- noi the pitch, as sho\vn in figure 45. Provisions 
must also be made to obtain the correct spacing 
of the different thread grooves. This may be ac- 
complished by using the jh'read-chasing dial, 

♦ setting the compound parallel to the ways, 
using a multiple driving plate, or usifig the stud 
and box gear break up. 

6-12. The use of the thread-chasing dial is 
the mosi desirable method for cutting 60° 
multiply thready. With each setting for depth of 
cut with the compound, successive cuts may be 
taken on each t^f the multiple threads so that 
the use of thread„micrometers is made possible. 
To explore the possibility of using the thread- 
chasing dial, it is first necessary to find out if 
ihe iathe can be geared to cut a thread having a 
lead equal to that of one of the multiple * 
threads For example, if it is desired to cut 10 
threads per inch, double threaded, it is 
necessary, to divide the number of threads peY 
inch by the multiple (in this case 10/2 ) to ob- 
tain the number of single threads per inch*(in* 
this case 51. The lathe is then geared for the 
number .of single threads per inch. To use the 
thread-chasing dial on a specific machine; you 
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Figure 47. Use of a slotted drive, plate. 



should refer to instructions usually found at- 
tached to the lathe apron. If, for 5 threads per 
<nck, you should engage the half nut at any 
nunibere.1 li.ne on the dial, the same thread 
«cu2d be cut at positions I and 2 on the dial, as 
shown in figure 46. If the dial is then covered 
with the hand, leaving the part uncovered 
oeuven those adjacent positions that cut the 
groove, positions I and 2 in figure 46, a check 
shruld be made to see if there is a point of 
eng.igement midway between positions I and 2 
for the second thread. The second groove of a 
ios-hi? thread lies midway of the flat surface 
between the grooves There is a point of 
eng.-g-j-T.ont in this case, position "b M in figure 
46. For the same depth of cut, the half nut is 
iigajj^l f:rst at one of the "a" positions, then at 
"V" position so that alternate cuts bring both 
thread grooves down to size together. In the 
ev<*nt that positions 1 and 2 would indicate the 
eng?,^rr.3!i: place for groove of a triple thread, 
!• w^uid be necessary to have two positions of 
engagement, equafly spaced, between positions 
1 zr r l 2 in order to cut the other grooves of the 
triple thread. 

5- 13 Cutting multiple threads by 
posi.ua. r.£ the compound parallel to the ways 
st.ouL be limited to square and Acme external 
and internal threads, since that is the normal 
pccit;-r. if the compound for cutting tliose 
threa-s. The compound rest is set parallel to, 
the ways of the lathe and the first thread is cut 
:o th? finished size. The compound and tool is 
then fed forward parallel to the thread axis a 
: : 3U.L . 0 .si to the pitch of the thread and the 
ncx: thread is cut, etc. Any desired multiple 
,rr. be cut in this manner, provided 
*ri . , ;uhe is geared to the lead of the 
Tiyiu*' - th r ead. 

6- The isriitiple driving plat? metho<f%t" 
cutting .TiuUipie threads involves changing the 
•x^it!vr. o> iho work between centers lor each 
*r;o< r .« : .c v.ditiple thread. One method of 



accomplishing this is to cut the fys; thread * 
groove in the^ conventional manner. Then tilt 
work is removed from between centers a:.u 
replaced with the>tail of the dog in another sl-"K 
of the drive plate, as shown in figure 47. Two 
slots are- necessary for a double thread, three 
slots for a triple thread, etc. The number of 
multiples that can be cut by ihib method 
depends, upon the number of equally spaced 
slots in the drive plate. Special drive or mdc,\ 
plates are obtainable, so that a wide range of 
multiples may be accurately cut by ;h:s - crtzi 

6-15. Another method of cutting multiple 
threads is to disengage either the stud or spiri- 
dle gear from the gear train in the end of the 
lathe after cutting a thread groove. Th^n turn 
the work and spindle the required part of a 

-revolution, and reengage the gears for cutting 
'the next thread. If it is necessary to cut a double 
thread on a lathe having a 40-tooth gear on iht 
spindle, the first thread groove is cut in the or- 
dinary manner. Then one of the teeth on the 
spindle gear that meshes with the next driven 
gear is marked and the mark is carried onto the 
driven gear, in this case the reversing gear. The 
tool diametrically opposite the marked spindle 
gear toofh (the 20th tooth of the 40-tooth gear) 
is marked also. The tooth next to the marked 
tooth should be counted as tooth number one. 

* The gears may then be disengaged by placing 
the tumbler (reversing) gears in neutral 
position, the spindle is turned one-half 
revolution or 20 teeth on the spindle gear, and 
the gear train is reengaged. The stud gear may 
be indexed as well as the spindle gear, 
However, if the lathe does not have a I to I ratio 
between the spindle and stud gears, she stud 
gear instead of being turned as when geared for 
a I to I ratio would be given a proportional turn 
depending upon the ratio of the gearing. The 
method of indexing c the stud or spindle gears is 
only possible when the number of teeth in the 
gear indexed is evenly divisible by the multiple 
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desired Some of the newer type lathes are 
equipped with a sliding sector gear that can be 
readily engaged or disengaged with the gear 
train bv shifting a lever. Graduations on the 
end of the spindle show when -to disengage ana 
reengage the sector gear for cutting various 
multiples. , , 

6.16. Change Gears for 1 breading. In 
preparing the lathe for thread cutting, the levers 
on the quick change gearbox are set to 
correspond to the number ot threads per inch 
desired. Generally there are two or more levers 
on the box. atong with a chart giving the 
position of these levers for the various threads 
To be cut. Change gears on older type lathes had 
to be set up in the gear train by hand to give 
required ratios between the spindle and lead 
screw to produce the desired leads. Change 
gears are those gears whose position and size 
may be changed to establish various ratios bet- 
ween the speed of the spindle and the speed ot 
the lead screw. A set of change gears usually 
ranges in size from 16 teeth to 100 teeth by 
steps of 4 teeth, plus a few odd sizes for cutting 
certain odd thread pilches. 

6-17 Metric change Hears, i ransposing 
gears are gears used to cut metric threads on a 
lathe When metric threads are cut, the lead of 
the thread is given in millimeters, instead ot in 
the number of threads per inch. To find change 
gears for cutting metric threads it is necessary 
to determine the number of threads per inch 
corresponding to the given lead in millimeters. 
As an example, suppose a thread is to be cut 
with a pitch of 2 millimeters on a lathe with a 
lead screw of 6 threads per inch. There are 25 4 
millimeters per inch. The number of threads 
per inch is 25 4 divided by 2. Place the lead 
screw constant in the numerator and the 
desired number of threads in the denominator: 

„ 25 4 _ 6 X 2 „ 



6-18 Increasing threading ranges. To in- 
crease the range of threads leads that can be 
cut on a lathe.with a quick change gearbox, the 
following formufa '.or calculating gears may be 
used: 



25 4 



25 4 



1 - = r.»tn> to obtain desired lead 



21 4 



25 4 



60 
127 



Driving Gear 
Driven Gear 



A X B 



= X 



Where 

A « number of teeth on the spindle or spindle stud gear 

B = number of threads per inch to be cut. 

C = number nearest to 8 on the quick change gearbox .ha. 

will make X an even number. 
X = number of teeth on the spindle replacement gear. 

As an example, assume it is desired to cut 27 
threads per inch and the gear on the spindle or 
spindle stud has 32 teeth. By trial it H found 
that 24 threads per inch on the quick change 
box is the nearest to 27 which will make X 
come out to an even number. 



This then represents the ratio between the 
change gears necessary to cut the metrtc thread. 
The ~*4 shown in the denominator must be 
converted into a whole number and the smallest 
uhole number b> which it can be multiplied to 
get a whole number is 5. Thus. 25 4 x 5 = 1-7. 
One gear with 127 teeth is always required to 
cut metric threads with a lathe, and the other 
gear required in this example has 60 teeth, as 
shown below: 



A X B 



= X 



32 X 27 
24 



36 



The 12-tooth gear on the spindle stud is 
replaced by the 36-tooth gear. Then with the 
lathe set to cut 24 threads per inch, 27 threads 
per inch will be cut instead. NOTE: Always 
replace the original spindle gear after cutting a 
thread not included in the quick change gear- 
box because the lathe will not cut the threads 
listed until the original gear is replaced. 

7. Lathe Maintenance 

7-1 Lathe maintenance is important and 
must not be neglected. Good maintenance 
makes it possible for you to get the best results 
in lathe operations and lengthens the We of the 
machine. A lathe that is improperly maintained 
soon wears out. To keep the lathe in the best 
operating condition, it is necessary to make 
frequent inspections and various adjustments. A 
periodic check should be made of such things 
as levelness. spindle bearing condition, clut- 
ches, gibs, crossfeed and lead screws, gearing 
and lubrication. Adjustments should be mat»e 
only when it is necessary. Since the different 
makes of 'lathes vary in their construction, it is 
Sways best to follow the manufacturers 
directions on making these adjustments. 

l.t Gib Adjustments. Gibs may be either 
tapered or flat metal bars for taking up wear 
between bearing surfaces, such as the 
dovetailed surfaces of the cross-slide, com- 
pound rest, or carriage. Gibs are provided with 
thrust screw, by means of which the necessary 
adjustments are made, in making gib ad- 
justments, first loosen the lockscrew. Now 
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tighten the gib screw until ? smooth snug lit is 
obtained. Then lock the adjustment. If gibs are 
adjusted too Jghtly, binding will result. Gibs 
on the compound slide should be fairly tight 
when the compound is not being^used for cut- 
ling angles. 

7-3. Headstock Spindle. The spindle 
'XiPAgs of the newer type are generally ol the 
••li/ion or taper roller bearing type. They 
i*v «v »>.riv adjusted at the factory and need 
fifjstcd for long periods of time. When 
•"it*:' 2 ; ;;'. r .::)g adjustments are necessary, they 
may be adjusted by nicaiid of a thrust nut which 
is provided for that purpose. The adjusting nut 
».i 3ene r alSy located on the rear end of the spin- 
dte. outside the headstock to allow for easy ad- 
justment When you make spindle bearing ad- 
justments, place the headstock gearing in 
neutral so that the spindle revolves freely. 
Remove the back gearing guard and release the 
locknui or set screws that hold the thrust nut in 
place. With a spanner wrench provided for that 
purpose, turn the thrust nut clockwise until no 
end play is detected and the spindle can still be 
rotated freely by hand. A drive plate should be 
r S:c»'i on the spindle so that the spindle may 
readily be rotated by hand. Adjustments on 
o'hov types of bearings are essentially the same 
CAUTION: Before making any spindle ad- 
jit-t^rvc make certain the trouble does not lie 
t'l'.evftere by checking and making other ad- 
justments. 

7-k Driving Clutches. The types ol clut- 
.*iei ■ .c^rporated by various lathe manutae- 
iuicis .TiJv vary. Consequently, the method ol 
dutch adjustment is not the same. The more ex- 
pensive precision lathes generally have the fric- 
tion upe of clutch similar to that of nil 
aa r .cmofc«!e. To make adjustments of the trie- 
» v ,.,5 ciutch, remove the clutch guardplate. 
p.,!* t>rtck the adjusting pin, and rotate the ad- 
justing yot^e or ring to the right or clockwise 



until the pin slips into the new hole or no cr«. 
Proper adjustment is maue when the clutch 
level snaps in and out of engagement. 

7-5. Apron Fe«d Clutches. Apron teeo clut- 
ches var> somewhat In design. Thev ma ; c.nsi.t 
of two friction cones or two ?err^ted plate^ fteid 
together under cam pressure and released under 
spring tension. A thrust screw in ire eluu . 
shaft makes whatever adjustment is neeess::r> 
To adjust, turn the thrust ^crew clockwise urn.' 
the clutch level snaps in and out of engagement 

7-6. Lead Scr^n. The lead screw is adjusuxl 
for end play by removing the cap trom the csvj 
of the screw and tightening the thrust collar 
Adjustment for end play can be checked by 
engaging the half nut and moving the carriage, 
by hand, back and forth along the wavs. 

7-7. End Gearing. To make adjustments 0i. 
end gearing, remove the guard and loosen the 
stud nuts of the gear quadrant and mesh the 
gears until a slight clearance is obtained bet- 
ween the mating teeth. Tighten all nuts 
securely. Proper adjustment is made when a 
smooth action is obtained. No adjustment is 
complete until alP guards have been properl) 
replaced. 

7-8. Periodic Oil Changes. When a lathe is 
run daily the oil should be changed in the head- 
stock reservoir about every o months, A good 
grade of machine oil of SAL 20 nr,\30 should !>•■ 
used. The operator's instruction manual will 
state the grade of oil that should be used for the 
various machines. When changing oil in the 
reservoir, the plugs should be removed and the 
reservoir Hushed wiih kerosene before refilling 
The machine should be left running during the 
Hushing process. All bearings fitted with oil 
cupa should be oiled dail> or as olten as 
necessary. The performance of a lathe depends 
on the attention it receives. During the first 3 
or 4 days or "the breaking in period, " ail 
bearings should be carefully oiled and watched 
to sec that none run hot. 
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CHAPTER 3 



Milling Machine Work 



MANY \ EARS AGO a machinist, whose name 
is unknown to us now. placed a mandrel upon 
which he had mounted' a cutter between the 
centers of a lathe, fastened the object he was 
machining to the lathe cross-slide, and invented 
the milling machine! From this simple in- 
vention has evoked one of the most versatile 
and important metal cutting machines in 
existence, the modern milling machine. In this 
chapter wc discuss special nulling applications, 
helical milling, single point milling, milling 
machine attachments, gearing and gear cutting, 
and maintenance of the milling machine. 

8. Special Milling Applications 

8-1. You will be called upon from time to 
tune to do repair and fabrication jobs, which 
require special milling operations, such as gang 
milling, slotting, boring, and milling cams. The 
following information will help you to un- 
derstand these operations and how they are 
done 

8-2, (iang Milling. Gang milling involves 
the use ot two or more cutters mounted on the 
same arbor. All cutters may perform the same 
type ot operanon or each cutler may perform a 
Jiltereni type of operation. For example, 
several workpieces may need a slot, a flat sur- 
tace. and an angular groove cut in them. The 
best method to accomplish this would be gang 
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milling, as shown in figure 48. All the com- 
pleted workpieces would be the same. Remem- 
ber to check the cutters carefully for proper 
size. 

8-3. Gang milling setups can save both time 
and labor when several identic?'* v drls musl ^ e 
machined on a milling machine, if you think in 
production terms when you receive a produc- 
tion-tvpe work order, you may be able to devise 
cutter* setups which will enable you to do the 
necessary work, with a minimum amount of time 
and effort. 

8-4. Slotting. Slotting is often regarded as a 
shaper operation, but it can be done on a 
milling machine with a slotting attachment. The 
slotting attachment is capable of internal slot- 
ting operations, such as the machining of 
squares, hexagons. 12-point sockets, keyways, 
splines, and gear teeth, and is especially useful 
for tool and die work. 

8-5. Some of the more common shapes of 
holes are often slotted on a milling machine 
with the slotting attachment. A square hole is 
oiten machined to mate with a square surface 
on the end of a mating member. This assures a 
positive drive between two members, such as a 
socket wrench and handle, and some boring 
tools and boring bars. Square sockets may ex- 
tend part way or all the way through the piece. 
In order to slot a socket that extends part way 
into the bore, you must recess the bore to clear 
the slotting tool point and provide a space for 
chip clearance. Slotting hexagonal shapes, or 
even 12-point holes for socket wrenches, is of- 
ten done in Air Force machine shops. A 12- 
point socket is in reality two internal hexagons 
of the same size with one hexagon machined 
within the other. Since 12 equally spaced cuts 
are required, you would use the index head to 
space the work. Here, you can use the direct in- 
dex plate to advantage. Use a hole circle 
equally divisible by 12. When you slor. work 
that must be equally spaced, mount the work in 
the index head chuck and aline the bore of the 
work concentrically to insure accuracy. In a 
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hexagon, the length of one side is equal to one- 
haif its diagonal. Determine the diagonal of the 
hex. gon by multiplying the distance across flats 
by x \z constant 1.1 IS. Grind the width of the 
edge of the slotting tool to equal the length of 
the side of the hexagon and round it to clear the 
bore. Swivel the slotting attachment to a 
horizontal or vertical posuion.-T.he index. head 
ri.i. ; cc 6,vivele*J so that the position of its spin- 
: c"Tw5ponds to the position of the slotting 
a.: v.r 'am. usually, it is best to hold the 
•/or c.".caIIv in the index head chuck to 
p-r/'n'r )jnor ision. However, if the work is 
too long to be held vertically but can be ex- 
tended through the index head spindle, it can 
be held horizontally. 

3- S. a n^ular Mining. Angular milling is the 
milil.'ig ci a flat surface that is at an angle to the 
cutter axis. Angular milling cutters may also be 
used in this operation, as shown in figure 49. 
These angular milling cutters are made to a 
pred *:cr nined angle, such as those made for 
cutting dovetails. Angular milling may be done 
in several ways. It may be done by using the 
vertical head on the milling machine. This is 
.i«no by tilting the head to the required angle 
vs. J an end mill or a shell milling cutter. 
The toolmaker's knee may be used for angular 
milling operations. The toolmaker's knee af- 
fords a rapi 1 and convenient method of setting 
: , ..fj »,*crk on a milling machine, . 

8-7. Angular parallels may be used for 
angular milling also. These parallels are ac- 
curate! 4 , machined to a predetermined angle. 
v \uh a "jii set they may be set to any angle 
needed. Care should be taken in using angular 
pafalHs not to damage their surfaces. The vise 
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and work should be kept clean at all times to 
insure thai chips do not damage the parallels 

8-8. Milling Cams, The method you select 
to machine, a cam depends upon the design of 
the cam and the accuracy required. If the design 
of the c^m and the accuracy permit, it is 
sometimes possible to saw the cam out on a 
contour machine or to machine the cam on a 
shaper. Usually, however, you will use a .Tiuhrs 
machine to machine a earn, such as cylindrical 
constant rise, and changing rise, especially 
when a high degree of accuracy is required. 

8-9. Cylindrical cams. Cams that are 
grooved on the periphery of a cylinder are set 
up and machined in the same manner as for a 
helical groove. Calculate the lead of. the cam in 
the same manner as for a helix and gear the in- 
dex head to the table feed screw by means ot 
the end gearing to produce the desired helix 
head. Usually, you will use an end mill, moun- 
ted in a vertical milling attachment, to jnachine 
the cam groove. 

8-10. Constant ri.e cams. A constant rise 
cam is machined by gearing the index head by 
means of the end gearing to produce the desired 
lead. The index head should be in the vertical 
position. Use the side surface of an erJ i' : >*ll to 
machine the cam. 

8-11. Changing rise cams. Some cams arc 
de '0*d so that the rise changes for various 
po** .js of the cam. For example, a c?"i may 
have a rise of 0.500 inch in 80°, a rise of 0.75u 
inch in the next 70°, and then drop to the 
original starting point during the remaining 
portion, a decrease of 1.250 inches during the 
Jast 210°. To machine a cam, such as the one 
just described, you must determine the lead for 
each rise and then machine each rise (or c**m 
segment) separately. You can determine the 
lead of each cam segment by using the formula: 

Lead »l**cgnicni « 

included .mgle ot segment 

X rise ;n segment 

If, for example, a cam segment has a rise of 
0.500 inch in 80°, the lead would be deter- 
mined as follows: 

Lead ol begmcni « ~ - — X 500 
SO 

Lead ol segment * 2 2^0 inches 

8-12. You could machine each segment by 
changing the end gearing for each segment; 
however, there is a simpler method. Gear the 
index head to obtain a lead slightly greater than 
the largest cam segment lead. You can now ob- 
tain the lead for each cam segment by changing 
the angular position of the index head and the 
universal milling attachment with reference to 
the table, provided that the axis of the index 
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TO TABLE 



i igure 50 Ciin ami cutler in vertical position 

head and the axis of the universal milling at- 
tachment are kept parallel. If the index head 
and cutter are parallel to the table no metal Will 
be removed when the cam is rotated as the table 
moves forwa/d. However, if the index head and 
cutter are perpendicular to the table, as shown 
in figure 50, the cutter will cut a spiral lobe 
equal in lead to the lead for which the machine 
is geared. Thus, if you position the index head 
and cutter at an angle to the tat>le, as shown in 
figure 51, the lead produced will be between 
zero and the lead for which the machine is 
geared. Therefore, the lead produced can be 
controlled by changing the angular setting of 
the index head and catter. You can determine 
the angle at which the cutter and index head 
must be positioned b> dividing the desired lead 
of the cam segment by the lead for. which the 
machine is geared (slightly greater than the 
largest cam segment lead). The result of the 
division will be the sine of the angle. You then 
find the angle in a table of trigonometric func- 
tions You can determine the angular settings 
and the end gears required for various leads 
from tables in various machinist publications, 
such as Machinery's Handbook. 
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Figure 51 Cam and cutter in jngular position 



9. Helical Milling 

9-1. A helix- is a-cunve or path formed by the 
progressive rotation of a point around the sur- 
face of a cone or cylinder, such as the thread of 
a screw. The helix is formed on the milling 
machine by causing the work to rotate at the 
same time that it is fed longitudinally to the 
cutter. The . rotation of the work is ac- 
complished by gearing the table feed-screw to 
the index head. As the table feed screw 
revolves, the work revolves at the same time it 
is fed to the cutter in a line parallel with its 
axis. 

9-2. Helical work includes the milling of 
helical tooth milling cutters, helical reamers, 
twist drills, helical gears, some types of cams, 
etc. Milling a helix is similar to cutting a thread 
on the lathe. In cutting a thread, the tool moves 
a certain distance while the work makes one 
revolution. This distance is the lead of the 
thread and is governed by the gear ratio bet- 
ween the lathe spindle and its feed screw. This 
is also true in milling a helix. However, the 
distance it would have to feed in ojder to 
revolve once is termed the lead. The le.id of a 
thread is usually short in proportion to its 
diameter and length while the lead of a helix 
may be long in proportion to its diameter and 
length. For example, a l\-inch single threaded 
screw having 8 threads per inch has a 1/8-inch 
lead, whilp the lead of a helix on a 1-inch 
reamer may be as much as 18 inches. The helix 
may make several turns around the work or it 
may make a fraction of a turn around the work 
and still have the same lead, depending upon 
the length of the helix. For instance, on a 
reamer flute 6 inches in length having an 18- 
inch lead, the helix would only make one-third 
ot a turn around the piece. If the piece were 18 
inches in length and had a helix with an 18- 
mch lead, the helix would make a complete 
turn around the work. In both cases the lead is 
the same. A helix may be either right hand or 
left hand, as the threads on a screw. A right- 
hand helix runs off to the right as it is viewed 
from the end. A left-hand helix runs off to the 
left. 

9-3. The lead of a helix is the distance the 
helix advances in one complete turn around the 
work, measured on a line parallel with the axis 
of the work. If the -gearing between the table 
feed screw and the index head worm were such 
as to cause theindex spindle to revolve once as 
the table is fed 10 inches, then the lead would 
be 10 inches. The length of the work or the 
length of the cut makes no difference. To find 
the lead of a helix, multiply the diameter of the 
helix by 3.1416 and divide th£ product by the 
tangent of the helix angle. 
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Tan 01 Helix angle 

EXAMPLE. A piece 2 inches in diameter »s to 
have a helix whose angle is 22°. Whai is i is 
lead? 

2x3 1416 



.40403 



H 55' Ic.kI 



i : ictii the helix is expressed in inches, as 
^•'nch UvJ/14-inch lead," 2.5-inch lead, etc. 

* ^ ^rigle of helix is the angle formed 
>*\ a i *' .; *rw.i to the side of the helix and a 
\i % v r<* 'I. 1 ' with ihc sx:*of the helix The helix 
may be represented by a right angled triangle, 
as shown in figure 52. The base of the triangle 
represents the circumference of cylinder. The 
vertical lea of the triangle represents the lead of 
the hdix. :md the hypotenuse of the triangle 
rj-jresQiii-s tne length of the helical path. The 
angle of ihe helix is the angle formed by the 
vertical leg and the hypotenuse of the triangle. 
The tangeni of the angle of helix may be found 
cy multiplying the diameter of the cylinder by 
3 ii 16 «rd dividing this product by the lead of 
the helix: 



~w *r hdifc angle 



0 X 3 14 1 (> 
Lead 



EXAMPLE: Find the angle of a helix whose 
v* ?w % >r"*: is 3 inches with a lead of 12 inches. 



3 X 3 1410 



7854 = 3S 9* 



9-5, A chart is usually available with each 
TiiHin^ machine showing the number of gear 
,o*«bin.:' „m to asc for most leads, or this in- 



formation may be found in .i machinist hand- 
book. Jn the absence of a table of leads, ratios 
for various leads may be calculated. 

10. Single-Point Milling 

1 0-1. Single-point milling, or fly culling?, as 
it is sometimes called, Ls one o\ the mosi'ver- 
.satilc milliRg operations. It is done \* 
single-point culling tool shaped like a laihci.-^ 
shapcr tool. It is held and rotated b> a fly cuUcr 
arbor. You can grind this cutler to almost an> 
form thai you ileum. Formed eulter.> are ex- 
pensive. Tnere will be time.s when you will need 
a culler for a very limited number ol culling 
and boring operations. In these situations il 
would be more economical to manufacture the 
cutler than to bu> it. ' 

10-2. The single-point or fly culler uan be 
, used to great advantage in gear cutting. All thai 
is needed is enough of the broken gear to grind 
the culling tool to the proper shape. It can also 
be used in the culling of splines and standard 
and special forms. 

10-3. IJoring. an operation thai is loo often 
restricted to a lathe, can easily be done on a 
milling ^machine. On a millijig nuehui-, >ou 
can bore very accurate holes wiih an. onset 
boring head. Boring can be done with ihe aid ol 
an offset boring head and a tool that is ad- 
justable by means of a graduated adjusting 
screw mounted in the head. However, in the 
average machine, you will probably use a Hy 
culler for most boring operations. 

10-4. Let's assume thai your shop has 
received a large engine block thai requires a 
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Figure *2 Development ol ,i helix 
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bored hole tor mounting a water pump. You 
could produce the desired bore, using a fly cut- 
ler and a milling machine, in the following 
manner. Meant the engine block on the milling 
machine table. Aline the spindle and the center 
of the hole to be bored by manipulating the 
crassteed, longitudinal, and \ertical feed cranks 
and by using a center finder or dial indicator. 
Once the center has been located, lock the 
longitudinal and vertical movements. If the part 
does not already have a hole, center drill it, 
lead drill it, and then use ^drill slightly smaller 
than the size desired. Mount the offset boring 
head and set it to remove enough meta^to true 
the hole. Start the machine and bore about 1/8 
inch into the hole. Stop and measure the 
diameter of the, bore to be sure thai it is not 
oversize. If the hole is still undersize, continue 
boring through the hole. Remove the boring 
tool from the hole and readjust the tool bit for 
a finish cut. Start the machine and bore about 
1 8 inch into the hole, and then check for 
proper size. If the size is correct, finish boring 
the hole. * 

• U, Milling Machine Attachments 

11 -I. Many attachments have been 
developed that increase the number of jobs a 
milling machine can do or that make such jobs 
easier to do. For instance, by using a vertical 
spindle attachment you can convert the 
horizontal spindle to a vertical spindle machine 
and swivel the cutter to an> position in the ver- 
tical plane. By using a universal milling at- 
tachment, you can swivel the cutter to anv 
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Figure 5 J High-speed univer*al milling .uuchment 



position in both the vertical and horizontal 
planes. By using a high-speed attachment you 
can perform milling operations at higher speeds 
than those for which the machine was designed. 
These attachments will make complex jobs 
easier. 

• 11-2. High-Speed Universal Attachment. 
This device is clamped to the machine and is 
driven by the milling machine spindle, as you 
can see in figure 53. The attachment spindle 
head and cutter can be swiveled 360° in both 
planes. The attachment spinel is driven at a 
higher speed than the machine spindle. You 
must consider the ratio' between the rpm of the 
two spindles when you calculate cutter speed. 
Small cutters, end mills, and drills should be 
driven at a high rate of speed in order to obtain 
an efficient cutting action. 

11 -3. Circular Milling Attachment, This 
device, shown in. figure 54, is a circular table 
which is mounted on the milling machine table. 
The circumference of the table is graduated in 
degrees. Smaller attachments are usually equip- 
ped for hand feed only and larger ones are 
equipped fpr both hand and power feed. The 
work is mounted on the circular table. This at- 
tachment may be used for milling circles, arcs, 
segments, circular T-slots, and internal and ex- 
ternal gears. It may also be used for irregular 
form milling. 

U-4. Rack Milling Attachment. The rack 
milling attachment, shown in figure 55, is used 
primarily for culling teeth on racks, although it 
can be used for other operations^The cutter is 
mounted on a spindle which extends through^ 
the attachment parallel to the table T-slots. An 
indexing arrangement is used to space the rack 
teeth quickly and accurately. 

11-5. Right-Angle Plate. The right-angle 
plate, as "shown in figure 56, is attached to the 
table. The right-angle slot permits mounting the 
index head so that the axis of the head is 
parallel to the milling machine spindle. With 
this attachment you can make work setups 
which are off center or at a right angle to the 
table T-slots. The standard size plate T -slots 
make it convenient to change from one setting 
to another for milling a surface at a right angle. 

11-6. Raiding Block. Raising blocks, as 
shown in figure 57, are heavy-duty parallels, 
which usually come in matched pairs. They are 
mounted on the table and the index head is 
mounted on the blocks. This arrangement raises 
the index head and makes it possible to swing 
the head through a greater range to mill larger 
work. 

11-7. Toohnakcr's Knee. The toolmaker's 
knee, as shown in figure 58, is a simple but 
useful attachment for setting up angular work, 
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Figure M, Circular milling attachment 



~i . oa\ ior milling but for shaper, drill press, 
inu gander operations as well. You mount a 
uolmaker's knee, which may have either a 
/.jtionary or rotatable^base, to the tabie of the 
milling machine. Ths base of the rotatable type 
\: i;*: v .i in degrees. This feature enables 




^H^V^^V^L^ ^ , 

WORK HOLDING FIXTURE 

» ^ * - * Hilling ittawhment, 



you to machine compound angle,. The 
toolmaker's knee has a tilting table with either 
a built-in protractor head graduated in degrees 
for setting the table or a vernier scale for more 
accurate settings. 

I 1-8. Slotting Attachments. You can often 
perform internal slotting operations, such as 
the machining of squares or hexagons, 12-point 
sockets, keyways, splines, internal gears, and 
various other shapes, with a slotting at- 
tachment, such as the one shown in figure 59. 
The slotting attachment is fastened to the 
milling machine column and driven by the bpin- 
dle. A bull wheel and arm changes the rotary 
motion of the spindle to a reciprocating 
motion. You can vary the length of the itroke 
by loosening the nut which clamps the pivot 
shaft nearer or farther away from the center of 
the bull wheel. .A pointer on the slotting at- 
tachment slide indicates the length of the 
stroke. You can pivot the head of the slotting 
attachment and position it at any desired angle. 
Graduations on the base of ihe slptting at- 
tachment indicate the angle at which the head is 
positioned. 

12. Gearing and Gear Cutting 

12-1. Gears are produced for industry in 
large quantities, both by me shaping and the 
hobbing methods. There are still many uses for 
the older type of gear cutter using the single 
milling cutter and indexing from tooth to tooth, 
as in the milling machine methods. This is 
especially true in large gear work where several 




Figure 56 Right.angle plalc 




Figure 57 Raising block. 
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Figure 58 Foolmaker's knee* 

gear blanks may be mounted side by side and 
tjje gear teeth are cut at the same time by a 
single cutter. In a machine shop, such as is 
found in the Air Force, the number of gears 
that have to be made does not warrant the need 
for special machines for gear cutting. 

1 2-2. Helical Gears. Helical gears, as shown 
in figure 60, are coming into wider use in 
nearly all kinds of machinery. While their use 
dates back'to over a half century^the difficulty 
of cutting them by the old method\vith a single- 
tooth to urn cutter retarded their use. With the 
development of the gear-hobbing machine and 
the reciprocating gear cutter or the gear shaper. 
helical gears can be machined about as easily as 
a spur gear. The quietness of the helical gears 



because of the simultaneous contact of several 
teeth make them desirable for automobile and 
many other uses. On a production basis, helical 
gears are cut on special gear cutting machines. 
For repair purposes where only one or a few 
are needed; they are best cut pn a universal 
milling machine, 4 

12-3. Helical gears have been called by 
several names, "spiral" being the most com- 
nygm. They have even been called "skew" gears 
■fh some sections. In late years there has been an 
effort made to call them by their right name 
which is "helical" not "spiral." Strictly 
speaking there are no spiral gears. The nearest 
approach to a spiral gear is a scroll, such as that 
used on the back of a universal chuck. 

12-4. Helical gears differ from spur gears in 
that the teeth of a helical gear are inclined at an 
angle to the axis of the gear. Each tooth is a 
part of a thread or helix that winds across the 
outer rim of the blank. Helical gears operate 
smoothly and have great strength because of 
their sliding action and because of the number 
of teeth in contact at one time. 

12-5. Helical gears may be used on shafts 
that are either parallel or at an angle to one 
another. When mounted on parallel shafts the 
angle of helix must be equal for both gears, but 
of the opposite hand. When mounted on shafts 
that are at right angles, the gears must have 
helix angles of the same hand. ■ 

12-6. Helical gears are ordinarily cut in the 
universal milling machine by- using an index 
head which is geared to the swivel table and 
feed screw. This process involves many of the 
principles used for cutting helical forms. 
Helical gears may also be cut on a plain milling 




Figure 59 Slotting attachment 
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Figure 60, Helical gears 

micnine. This involves the use of a universal 
■nijlinp attachment, so that the form cutter may 
be\*et to the correct helix angle. Gears having 
un.\ingle of helix greater than 45° may also be 
<„jt with this attachment. Another form of 
helical gears is herringbone gears. These are 
i^CtN^jn shafts that are parallel to one another, 
Herringbone gears virtually consist of two 
single helical gears of opposite helix angles, 
"b*. "vary object of herringbone gears is the 




x. !- A ..Uiiui" piich F Normal circular pitch 



G Pitch circle 

H Addendum 

I Dedendum 

J Circular pitch, 

Mental gear tcrmv 



elimination of end thrust .vhich is the chic* 
jectipn to the use of sin-^e helical g*af£ 

12-7. The nomenclature of helical gca*i is 
the same as that of spur gears with u icw ex- 
ceptions. The calculations for determining 
tooth part values of helical gearo o i'ci 
somewhat from those of spur gearing because u 
the position of the teeth. 

12-8. In the calculations and formulas us N . 
for helical gearing, reference is made to "Cir- 
cular pitch." Tin: circular pitch of V hcl»H dc\- 
is the distance from a point on one tooin to a 
corresponding . point on an adjacent tooth 
measured along the pitch circle, as in the case 
of a spur gear. 

€ 

12-9. Because helical gear teeth are not cm 
squarely across the face of the blank, a lint 
drawn from a point on the pitch surface of one 
tooth to a corresponding point on an adjacent 
tooth at right angles to the tooth i* tcrmeJ 
"normal circular pitch/' Figure (>l will help 
>ou understand the following helical j;o «i 
terms: * A 



Normal circular pitch (pn). Th: 



,;acc / 
oo th 



from a point on the pitch surface of one 
to a corresponding point on an adjacent tooth 
at right angles to the tooth. The normal circular 
pitch equais the circular pitch tunes uo 
of the helix angle, pn = p X cos A 

Normal diametral pitch (PN). The diametral 
pitch of the cutter. The normal diametral'piich 
equals pi (3.1416) divided by the normal cir- 

. . . OM 3.1416 
cular pitch. PN = pfp — 

Number of teeth that the cutter selection is 
based on (N'h II the number ol teeth 4 ^tuall> 
on the gear is used to select the cutter, the teeth 
will be too narrow. The cutter selection is 
^ased on the number of teeth calculated by 
dividing the number of teeth actual!) on the 
gear by the cosine of the helix angle cubed.' 



N' » 



N 



(xos A)-* 



Exact lead (L). The lead of the heir;. The 
exact lead is used to determine the end gearing 
setup used to rotate the gear blank. Exact iead 
equals pi times the pitch diameter times the 
ungenyti the helix angle 

L = 3.1416 X D X cos A 

NOTE; The following terms have the :a.:v 
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-meaning as in spur gearing, but because of the 
-helix, angle. _the formulas are different: 

*~ ; -« N- - 

Pitch di am eter (D). 0 « - 



PN X cos A 



Addendum la), a *= 



I 



PN 



_ pn 



Thickness of tooth (T) T = 



Whole depth of tooth \\\) W «' 



2.157 
PN 



Outside diameter (OD). OD « D + 2a 

12-10. The calculations which are necessary 
to machine a helical gear that has 20 teeth, a 
normal diametral pitch of 10, and a 22 1/2° 
helix angle are as follows: 

Number of teeth (N) (giveri) 20 
Normal diametral pitch (PN) (given) 10 
Helix angle (A) (given) 22 1/2° 



Pitch diameter (D) D = 
20 



1C X 0 92388 



PN X cos A 
= 2. 1648. inches 
1 



Addendum (a) a =— — = = 0.100 inch 

PN 10 

Outside diameter (OD) OD = 
D + 2 a = 2.1648 + 0.200 = 
2.3648 inches 



Tooth thickness (T) T = 



pn 



0 15705 inch 

Whole depth of tooth (W) = 

2.157 m 0.2157 
10 

Circular pitch (p) p 



= 0.3141 - 
2 

2.157 _ 



PN 

m D y 3.1416 

N 



2 1648 X 3 1416 m mch 
20 



Normal circular pitch (pn) pn ■= p X cos A 
« 0.340 >£j0.92388 - 0.3141 inch 

Number of teeth to base cutter selection on 



(N')N — 



N 



20 



20 



(cos A)* (0.92338) 1 0.78858 
= 25 teeth 



Exact lead (L) L = 3.1416 X D X cos A = 
3,1416 X 2.1648' X 2.41421 = 16.4188 in- 
ches 

12-1 II i" You can" mill the teeth .oo a helical 
gear in the following manner. Perform the 
necessary calculations for the helical gear and 
cutter. Make the necessary ~ calculations to 
determine the end gearing required to obtain 
the correct lead. Set up the machine in the "same 
manner as for milling helical reamer flutes. 
Make the work and cutter setup in the same 
manner as for machining spur gear teeth. Figure 
62 shows the work, machine, and cutter setup 
required to machine helical gear teeth. Machine 
the gear teeth to the required size by combining 
the spur gear and helical fluting methods. 
Always lower the table before returning the 
gear blank to the starting point of the cut to 
prevent backlash from causing the cutter to 
drag on the gear teeth. Additional information 
pertaining to gearing can be obtained from 
machinists'" reference sources, such as 
Machinery's Handbook. 

12-12. Bevel Gears. It has been found that 
motion can be transmitted between two parallel 
shafts by frrction between wheels mounted on 
the shafts. Then, if teeth of the correct shape 
are cut on these wheels, a positive uniform 
motion can be transmitted. These wheels with 
teeth are called spur gears. Motion can also be 
transmitted between two shafts that are at an 
angle to each -other by the friction of two 
rolling cones. If teeth of the correct shape are 
cut on the faces of the cones, a positive uniform 
motion can be transmitted. The two cones 
become a pair of bevel gears. The machining of 
bevel gears involves problems and terms that 
are not found in spur gearing. V v e will discuss 
these problems and terms and the calculations 
,ihat are necessary jo machine bevel gears, Beycl 
gears may be mounted on shafts t?*at are at any 
desired angle. However, the most common use 
of bevel gears is to transmit motion between 
shafts that are at right angles to each other. If 
the bevel gears are mouAted on two shafts at a 
'right angle to each other and the gears are of 
the same size, they arc called miter gears. If one 
gear is larger than the other, the larger is called 
the gear and the smaller of the two is called the 
pinion. We will use a miter gear that is mounted 
on -a shaft at a right angle to another shaft as an 
example for our calculations. For other angles, 
nomenclature, and symbols which are used for 
bevel gears, refer Jo machinists' publications, 
such as Machinery's Handbook. A knowledge 
of the nomenclature and symbols, figure 63, 
used for bevel gears will help you to understand 
the calculations. Let's assume that you are 
manufacturing a pair of miter^gears having 16 
i 
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A. Arbor F. Tabic graduations 

B. Helical gear blank C. Mandrel 

C Gear cutter x s H„ Machine table 

D. Foot stock 1 Index head 

E. Helix angle J- Gear train box, 

Figure 62. Helical gearing setup. 

teeth, a 5 diametral pitch, and a pitch cone gears by using the following formulas. You 
angle of 45°. The gears ,ar* to be mounted on should use these formulas in the order they are 
shifts "Vl are 90° to each other. You could, given, because the values are progressive from 
ctlcuLue lor the dimensional values of these one problem to the next: 

< 

Diametral pitcn (P) - 5 
Number of teeth (N) = 16 

Pitch cone angle » 45* % 

Pitch diameter (D) ■ — - — « 3 <;00 inches 
P > 

Addendum at large end o\ tooih (al) - - ** -i- » 0.200 inch 

Cleannce - °JA 7 - °J-L 7 « 0,0314 inch 

The whole depth of tooth (W) « ^~- 7 - 0.2314 inch 

i l ^7 * 
Dedendum at large end of tooth (dl) « al + c or » 0.4314 inch 

I 571 ^ 
Thickness of tooth at pitch line (T) « * 0.3142 inch 

"D 3.200 3.200 

The pitch' cone radius (C) » » — ; — «" _ — " " 

F 2 X sin a 2 X sin 45* 2 X 0.707 

• • - 2.263 inches 

C 2 263 

* t! *> up to 3 inches pitch diameter (F) » *» N " - ■« u 754 ,inch 

C <^63 

tt'Stha o: la*:, for sears 3 inches to 20 inches in pitch diameter (F) « — - — ; — 

4 4 

-0 5657 inch 
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Addendum at small end ol tooth (a*> » al ^ 



Thickncv> o! tooth .« small end (\) » T X 



C - F 
C 

C - F 



0.200 X 



0,314 X 



2'.263 - 0*5657 
2.263* 

- 0.150 inch 

2.263 - 0.5657 



2.263 



0.2355 inch 



Tangent of the addendum angle 



al 
C 



.0.200.. m g8 m $ . y 
2.363 



_NOT£. You will need a table of'Vigonometric functions for conversion to degrees 

al + c* 



Tangent ol the dedendum angle 



HILL - 0 10225 - 5 # 50' 
2.263 



Pace angle - pitch cone angle + addendum angle » 45* + 5 # 3' « 50 # 3' 
Cutting angle « pitch cone angle - dedendum angle -"45* - 5° 50" « 39° 10 
■\ngular addendum (K) - al x cos pitch cone angle - 0.200 X 0.707 - 0.141*4 

Outside diameter (OD) - D + *2K - 3 200 - 0.2828 - 3.482 inches 

N _ 16 



Number of teeth used to select cutter (N") - 



tffit of P ,lcn cone angle 0.707 



- 22.t» 



ve*tex_ 



| OISIANCC 
ANGUIa* ADDENDUM 



WHOlE DEPTH Of TOOTH 
\ m ADDENDUM 



;o£oenoum 




This can be compensated for by filing ihe teeth 
at the small end above the pitch line, as shown 
in figure 64. The selected cutter will produce 
0 the correct width^of tooth space at the small 
*end of the teeth, but will leave the teeth too 
thick at the large end, Trim the sides bf the 
teeth to correct this error by setting the^gear off 
«[tter and rotating the gear blank until the 
desired tooth thickness is obtained, as shown in 
figure 65. Using a table of setover factors, 
which can be found in machinist publications, 
sucji as Machinery's Handbook, calculate the 
amount of setover required. To select the factor 
from the table, you must first determine the 
ratio of the pitch cone radius to the width of the 
tooth face. The setover factpr listed in'the table 
at the intersection of the column cdrresponding 
to the number* of the gear cutter you are using 
and the cojumn nearest the^ ratio you have 
calculated is the factor used; Use the formula 



Table 'setover 



thickness of cutter 



factor 



diametral pitch 



EDGE ANGIE 



f AC E ANGIE 



DEDENDUM ANGIE 

ADDENDUM ANGIE 
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Figure 63 Bevel gear nomenclature. 

1 2- 13. The cutter selected is for the outer 
end ot ihe gear teeth, but the small end of the 
gear teeth has a curvature which is too straight. 




PITCH LINE 



PITCH LINE 
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Figure 64 Bevel gear tooth, 
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to determine the amount of setover required. 
Ti»e thickness of the Cutter is measured at the 
pitch . line and must actually be measured. 
Otherwise, identical cutters ma> have different 
thicknesses due to sharpening, slightl) different 
clearance angles, etc. The setover for a 5-pitch, 
iCMnoth gear with a 2.263-inch pitch cone 
ridius and a width of face ot 0.5657 inches that 

?*. u. with a number 5 cutter is calculated 

o i >wing manner: 

2 263 " 4 



0 



The setover factor corresponding to a 4 to I 
ratio and a number 5 cutter is 0.295. The 
measured thickness of the cutter selected at the 
pirh line h 0.2317 inch. Using these values, 
r"j v-vuk 1 calculate the setover as follows. 



beiovcr 



02317 



0.295 



0 U6- - 0 059 «= 0.057 inch 

Thus, the setover required Would be 0.057 
inch. 

12-14. The actual setup and machining of 
- bevel ^ear is a very simple operation. The 
cutter is mounted on an arbor and the gear 
*-l.ink is held in the index head by a chuck. The 
cliuck jaws usually grip the gear blank oil the 
eo?r hub but in some cases when the blank has 
i r*ote in.ough^it a special arbor is made to 
hold the gear blank in place. After the center of 
the cutler and the center ofthe gear blank are 

.iigo.t :rao line, the index head is tilted To the 
• j.».:cubuu cutting angle and locked into 
position. At this point, pick up the surface of 
ne gear blank with the cutter. Then gash il! the 
teeth to their full depth of tooth. Once ihe 



dotation 



correct number of teeth have bee;) ctu to their 
lull depth, the next operation ;s to ofrset and 
rotate the gear blank, as shown in figure 65. 
(NOTE. The direction of ottset is always op 
positc ihe direction of rotation. > Alter the ottset 
and rotation have been completed, tnni the one 
side of all the gear teeth, then repeat this for ine 
opposite side. of the teeth The final operation h 
to hand file all the teeth of the gear above ine 
pitch line, as shown in figure 04. 

13. Milling Machine Maintenance 

13-1. Proper care and maintenance are 
probably the two most important factors in the 
use of the milling machine. These in turn will 
enable you to get the maximum efficiency Ironi 
the machine. Certain periodic adjustments nuiM 
be made to retain the accuracy permitted In the 
construction ofthe machine. Periodic changes 
of oil in the reservoirs of the column and knee 
must be made. Spindle bearings, gibs, clutches, 
and feed screws must be kept in adjustment if 
the machine is to function accurately and ef- 
ficiently. 

13-2. Installation and Leveling of the 
Machine. Occasionally a milling ma J* .ne is 
moved in a shop or a new. one installed, if it is 
to be placed in an area where there are other 
machines, a space check should first be made 
before it is permanently placed, UsualK c pl- n 
dimension drawing is furnished won ilie 
machine. The plan lists the dimensions lor the 
amount of space needed. It is Best to allow am- 
ple space over and above the exact dimensions 
.of the machine. The longitudinal tabic 
movement is variable on a milling machine and 
enough space should be allowed tor its 
movement without interfering with the machine 
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Figure 65 Olfsct and rotation *>! hevel guar Man* 
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next to it. Another factor to consider is the 
floor on which the mill is set. It should be in- 
stalled on a level floor. Hardwood wedges, 
.shingles, or shim stock may be used in leveling 
the machine. The machine is set level by means 
ot a precision level placed on the machine 
lable. 

13-3. Alinemcnl of Table, Knee, and 
Column. The alinenient and accuracy of the 
table, knee, and column surfaces can be 
checked by mounting an arbor in the machine 
spindle and attaching a dial test indicator to the 
arbor so that the indicator plunger bears on the 
lable. Checks are taken by moving the table 
lengthwise and crosswise and noting any 
variation on the indicator dial. These checks 
should be taken with the knee set at various 
heights. Misdlincmem is corrected by adjusting 
gibs, rescraping the bearing surfaces of the 
table, knee, and column or refinishing the Lop 
ot" the work table. 

13-4. Gib Adjustment. Gibs are usually of 
the headless taper Hype and arc provided with 
adjusting screws. To adjust the gibs of the table, 
saddle, or knee, the screw is loosened at the 
small end of the gib and tightened by the ad- 
justing screw at the large end There is another 
type of tapered gib used on some machines The 
only difference between this gib and the one 
described above is that it onl> has one adjusting 
screw on the large end. The set screw and gib 
end are designed so that the screw moves the 
gib in or out to tighten or loosen the gib. 
Correct adjustment is made when the slides 
move snugly by hand Proper adjustment is of 
vital importance. Adjust the gibs too tight and 
the slides may become scored Leave them too 
loose and they cause chatter and vibration, as 
well as undue wear on the machine ways. This 
condition soon results in an inaccurate 
machine. 

13-5. Adjustment of Spindle Bearings. 
Spindle bearings on the newer type of milling 
machines are the nonfriction or taper roller 
bearing type. They nre properly adjusted at the 
tactorv and need not be adjusted for long 
periods of time. If it ever becomes necessary to 
adjust spindle bearings, place the spindle 
searing in neutral position so that the spindle 
can be rotated freely by hand. ' The various 
makes of machines may have the thrust bearing 
located at a different place along the spindle. 
One machine may have the thrust bearing 
behind the rear bearing or it may be located 
behind the front bearing, Regardless of where it 
is located the adjustment is the same. The 
locking set screw or nut is first loosened and 
the thrust nut tightened just enough so that the 
slack is removed. With proper adjustment the 



spindle can still be turned by hand without too 
much effort. The check.may accurately be made 
by chucking a rod or bar in the spindle and 
using it as a lever to move the spindle back and 
forth along its axis. If a dial test indicator is 
used with the plunger of the indicator placed 
against the nose of the spindle, only about .003 
inch end play should be permitted. 

13-6. Checking the Accuracy of the Spin- 
dle. The spindle may be tested by placing a test 
arbor in the spindle. A dial test indicator is 
then set on the table with the indicator plunger 
contacting the circumference of the arbor near 
its outer e.*d. With the spindle rotating, the 
table and indicator are moved crosswise and 
any variation on the indicator needle is noted, 
if the spindle is inaccurate, the spindle should 
be removed and the tapered hole r'eground to 
restore it to its original accuracy. 

13-7. Driving Clutch Adjustment. Several 
milling machine driving clutches are of the 
plate disc type. They may be the single plate or 
multiple plate type or they may be the dry disc 
type or they may operate in oil. The drive is 
similar in operation in that all depend on fric- 
tion. If the clutch slips under a normal load it 
should be adjusted as soon as possible to 
prevent excessive wear. When the clutch slips it 
means that the plates do not come together tight 
enough when the clutch is engaged. To adjust 
the clutch, the plunger lock is pulled out and 
turned* in the right direction to tighten. This 
direction is usually clockwise, or to the right. 
Proper adjustment is made when full 
engagement of the starting lever can be ac- 
complished and when the clutch cone contacts 
the fingers to compress the driveplates. The 
main object is not to set the clutch' too tight. A 
great amount of pressure in engaging the star- 
ting lever places strain on the clutch fingers and 
may cause them to, break. 

13-8. Adjustment of the Table Feed Screw. 
The table feed screw is mounted in brackets at 
each end of the table. The right-hand bracket is 
provided with two antifriction bearings and an 
adjusting collar nut for taking up looseness in 
the bearings. To adjust, remove the cover from 
the right-hand end of the screw and turn the ad- 
justing collar nut clockwise until one of the 
ears on the lockwasher of thf collar nut slips 
into place in one of the notches of the adjusting 
nut. 

13-9. Adjustment of the Crossfeed Screw 
Bearings. To adjust the bearing of the crossfeed 
screw, remove the hand wheel, power feed 
lever, and graduated dial. A locknut and thrust 
nut are then exposed. Loosen the locknut and 
turn the thrust nut to the right. Replace the 
locknut after the adjustment has been made. On 



the vertical feed screw, no provision has been 
made for the adjustment. The reason for this is 
that the weight of the knee prevents "back lash'* 
between the screw and its nut and driving mem- 
bers. 

13-10. Periodic Oil Changes, if the 
macmne is run daily, the oil of the column and 
>. *c r* .crv^ir should be changed about every 4 
. .hs. ri ^viOd grade of machine oil SAE 20 
to O *% A he used. Proper attention in 
v.op : . c . billing machine cleaned and oiled 
» . ;.v «.,s tue ..ccuracy and efficiency of the 
r.i~ ..nine and prolongs it* life. Neglect may ruin 
it. 

13-11. Working parts exposed to dust, dirt, 
and quips should be frequently cleaned and 
otLJ. Chips should not be allowed to collect 
j con t*ie du rface of the table until they fall over 
the sides or. the flat bearing surfaces on top of 
the knee. Care should also be taken to prevent 
chips and dirt from getting between the column 
kiue, causing scoring of these flat surfaces 
^nd ihrowing the knee out of alinement. Oil 
tuoes and channels may at times become 
clogged due to tne accumulation of dirt and oil. 



This dirt and oil can be *;nx>*cd wdii..t 
damage to the bearing surfaces by flusiii.ig «»c 
tubes 'and channels with a flushing oil. 

13-12. Oil completely before startirj mc 
machine. Many machines of recent desi*.; ji 
equipped with automatic lubrication bystenu 
which insure a 'constant supply of lubn.^ii 
important points. Check all oil gagjs to -ee .hwt 
the gages of the column, knee, and saddle iz-.ii- 
voirs show oil at a safe level. If th*? ri! :~ 
reservoir is U \\ tht oil pu:r«p ivlli .*.«.. 
properly. Too much Oil will cause leak.ng and 
impair working conditions. Usually there will 
be several points on a milling machine that ar<s 
hand oiled. It is well to remember in app!>ir.g 
oil that an ordinary bearing can hold onU u 
certain amount of oil at a time and t\A tl..j 
amount applied at regular and frequent in- 
tervals is far more beneficial than a floou of cil 
applied at irregular intervals. To preveru rust 
from accumulating on the working and machine 
surfaces of the milling machine, keep a light 
film of oil on these surfaces at all times when 
the machine is idle. 



•5 



125 



42 



CHAPTER 4 



126 



Shaper Work 



ARE ALL manufactured items c>lmdrical in 
shape? Of course not. The shape of many items 
is rectangular, square, or a combination of 
several geometric figures. In other words, many 
objects have several flat surfaces that intersect. 
One machine which is designed primarily to 
produce flat surfaces is the shaper, and since 
you will be machining objects with flat surfaces, 
we will discuss the machining of flat and 
angular surfaces, the machining of shoulders, 
corners, and grooves, the machining of 
irregular shapes, and the maintenance of the 
shaper 

14. Fiat and Angular Planing 

14-1. In this section we will discuss the 
planing of flat and angular surfaces. The term 
■planing" refers to machining operations done 
on pjaners and shapers. The production of 
parallel and square surfaces is a fundamental 
planing operation and may best be done by 
follpwing the proper procedures. When planing 
parallel and square surfaces it is also important 
to hlave the correct setup. Among the numerous 
operations that you may perform on a shaper is 
angular planing. Various attachments may be 
usedlj to produce an angular surface. 

U-2, Flat Planing, Flat surfaces are 
macnined on a shaper by feeding the work 
belo]w the ram or by feeding the tool past the 
work by using the toolshde. The direction of 
the | feed is usually from left to right in 
macnining horizontal surfaces and Irom top to 
bottom in machining vertical surfaces. By using 
these directions of feed you have an unob- 
structed view of the work surface and the cut- 
ting 'action of the tool. 

uj-3. A roughing tool and roughing feed 
shoujd be used to remove excess stock. A finish 
cut should Ik taken with the roughing tool, 
using! a finish feed. This should aid in the 
removal of taper or spring caused by the heavy 
cut. ^OTE, Use the cutting lubricant that is 
recommended for the metal you are machining 
-during all cutting operations. You can apply 



the lubricant to the surface with a brush or an 
oilcan. Do not permit the brush or the oilcan 
spout to get caught between the cutting tool and 
the work. 

14-4. You can machine .surfaces that are per- 
pendicular to each other by machining them 
horizontally in the proper sequence. The 
following information will help you to un- 
derstand how to machine a parallel so that the 
opposite surfaces are parallel and the adjacent 
surfaces are perpendicular. Figure 66 shows the 
position of the work as the various sides are 
machined. 

14-5. Obtain the proper size and typtf of 
material for the job. Prepare the machine by 
oiling the necessary points. Then aline the 
stationary jaw and the bottom of the vise so that 
they are parallel to the travel of the ram. Mount 
the work in the vise on parallels of the correct 
size. The work must extend above the jaws far 
enough to permit the removal of the necessary 
material. If the work has a rough surface, use 
shim stock between the work and both vise jaws 
and between the work and the parallels. This 
protects the vise jaws and the parallels from the 
rough material and also gives the vise greater 
holding power. Smooth or machined surfaces 
require shim stock. only against the movable 
vise jaw to permit the work to seat on the 
parallels and also to prevent damage to the 
finished surface. To properly seat work on the 
parallels, tap it lightly with a .soft hammer after 
you have tightened the vise jaws. If you tighten 
the vise jaws after you have seated the work on 
the parallels, the work may be unseated. 

14-6. The top of the clapper box should be 
tilted in the opposite direction to that which the 
tool is to cut, except \vhen a roundnose tool is 
used. Then the clapper box should be per- 
pendicular to the work surfacje. Mount the 
toolholder and tool. Calculate and set the 
proper length of stroke and position the ram 
properly in relation to the work. Th«*n calculate 
the amount of material to be removed from one 
side. Be sure to leave enough material for a 
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Figure 66 Squaring a block 

finishing cu*. Set ihe shaper for the proper 
speed for the material which you are 
machining. Set the feed for the roughing cut 
and rough machine the first side of the work. 
After roughing the first side, replace the 
roughing tool with a shear tool for finishing. 
Ti„e roughing tool can be used if an ex- 
ceptionally good finish is not required.- Set the 
shaper for the finishing speed and feed and 
finish machine the. first side. 

The second side is machined much the 
„>~..ic as the first. Place the work in the vise so 
sioe one contacts the solid jaw of the vise, 
i* is positions side two in an upright position 
tor machining. Calculate the amount ot 
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material to be removed and repeat tbe .oughing 
and finishing operation,* the same a* for si-;: 
one, 

14-8. The work piede now has. two side* 
.which are square or perpendicular to one 
another. To machine side three paral.ei vvun 
side two and perpendicular to side one. place 
the work in the vise so that side one contact 
the solid jaw of the vise and side two rests on 
parallels. Paper shims should ue u&ed u> ensure 
that the work seats properly. Rough and 1'inis.r. 
machine side three so that the distance i'.eivvcei*. 
side two and side ihice is correct. For side loin, 
place the vvork in Cue vise with side one resting 
on the parallels and side two contacting tnc 
stationary jaw ol the vise. Rough and finish 
machine side four so that the distance between 
side one and side tour is correct. 

14-9. When you machine vertical surfaces. 
such as the vertical surfaces of shouldei.s or ihe 
ends of work, position the toolhcao per- 
pendicular to the table or vise. Position the vise 
either perpendicular to or parallel to the travel 
of the ram. depending upon the location of the 
surface* you are machining. When great ac- 
curacy is not required, you can aline ihe 
toolhead and the vise by means of their 
graduations. When greate; accuracy is re ^ircd. 
u.sc the dial test indicator. Feed the tool with 
the toolslide crank and make the depth of t'ut 
by moving the work toward the cutting tool. 
You can use the cross feed dial graduations t > 
determine the exact depth of cut. Till the clap- 
per box away from the surface being machined, 
as shown in figure 67. You can use a round nose 
tool for both the roughing and the finishing 
cuts when average finishes are permitted. Use 
side-finishing tools svhen finer finishes are 
needed and when you machine deep vertical 
surfaces on shoulders and corners. Lso 
squaring tools to finish the vertical surlaces on 
shallow shoulders and corners and to linisn the 
sides of deep slots or grooves. 

14-10. Angular Planing, You can machine 
angular surfaces by (I) swiveling the vise. (2) 
swiveling the toolhead. (-3) swivcling or u! ! .i f vz 
the table, or (4) b> mounting the work either on 
an adjustable angle plate or on a* fixture. 

14-1 I. Swiveling the vise, if the surface to be 
machined is perpendicular to the surface t the 
table (or to the bottom of the vise) and a an 
angle to the stroke of the ram, you can machine 
it by simply swiveling the vise. Swivel the vj^e 
until the angular surface is parallel to the 
stroke ot ihe rain Make the depth ol eu4 b\ 
moving the table uniu ih«. % work contact 'he 
culling lool. Then feed the tool vertical!) in 
means of the toolslide handcrank. Use the same 
tooling seiup thai \ou use lo machine vertical 
surfaces. 
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Figure 68, Alining loolhcul with a sine bur 

14-12. Sniveling the toolhead. The toolhead 
can be used to machine surfaces that are 
parallel to the stroke of the ram but at an angle 
to the vertical centerline of the toolhead. 
Swivel the toolhead to the required angular sel- 
ling and teed the tool by hand b> means ot the 
toolhead crank. Use the toolhead graduations 
for angles requiring average-accuracy. Aline the 
toolslide with a dial test indicator and a sine 
bar as shown in figure 68. when you are 
machining angles that must be highly accurate. 

14-13 A sine bar is an extreme!) accurate 
bar of meial that has two cylindrical reference 
discs attached to it. The centers ot the relerence 
discs arc either exactly 5 or 10 inches apart. 
You can position the sine bar at any desired 
angle b> elevating one end of the sine bar and 
placing' the relerence disc on a stack of gage 
blocks ot the correct height. Gage blocks are 
extremely accurate blocks ol metal of varying 
thicknesses; You can clamp the sine, bar to a 
support bracket at the position you desire so 
thai vou can aline the toolhead parallel to it by 
means oi a dial test indicator You cairlirsd the 
heiuhi ot ihe gage blocks neeessarv 10 obtain a 
gnen angle W (in minuies of a degree) in 
machinists* publications, such as Machinery's 
Handbook 

14-14 Swnelitu* the tabh You can position 
the *ork at the angle vou desire by sniveling 
the table on ihe trunnion or by tilting the tilting 
tabletop Use the graduations on the table tor 
averasj^ accuracy, or a sine bar. as shown in 



figure 69, for extreme accuracy. Set up the tool 
and feed the work in the same manner that you 
use to machine a horizontal surface. 

14-15. Using an adjustable angle plate. You 
can mount work on an adjustable angle plate in 
order to machine the work at the angle, or com- 
bination of angles, that you desire. You can 
machine angles using an adjustable angle plate. 
They will be the same as those you can machine 
by sniveling the vise, swivcling the table, or by 
tilting the tabletop. However, you should use 
the adjustable angle plate for light-duty ap- 
plications only. 

14-16. Using a fixture. You can mount work 
on a fixture, as shown in figure 70. in order to 
machine an angular surface in the same manner 
that you use to machine a horizontal surface. 
You can manufacture fixtures that will hold 
work at any angle you desire. However, the 
time required to manufacture a fixture is not 
justified unless the work is of a recurring 
nature, or unless several identical items are to 
be machined. 



15. Shoulders, Corners, and Grooves 

15-1. You will be required to machine 
shoulders, corners, and grooves. In this section 
we will discuss the machining of shoulders cor- 
ners, and grooves in the shdper. 
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Figure 70. Angular planing with a fixture. 

15-2. Shoulders and Corners. Shoulders 
and corners are machined by removing excess 
*rr*erial with a roundnose tool and then 

'r'sMftjl -\ith a side-finishing tool or a 

rearing tool. 

15-3. You can remove excess material by 
making a series of horizontal cuts toward the 
layout line or shoulder. When you are roughing 
•uc material between two shoulders, feed the 
'ork in both directions. This will save time, 
>ir»ce you will not have to return the work to a 
r^'tinp, pcint for each cut. When you are 
« lughtng between shoulders, the clapper box 
should be positioned centrally and the 
toolholder set vertically. Set up the tool, as 
~r.own in figure 71. when you are machining 
SuOi:iJ<- 1 . Make each succeeding cut 
<-*.;otly -t.ortcr than the preceding cut, leaving 
•i^ppc 3 r >llet in the corner. Tilt the 
, .ho" V. to permit machining closer to the 
i.iiiier and to keep the toolholder from in« 
... w rv "th :hs cut. 

i:-4. "he ioilowing information will help 
)i\ tc onc'srstand how a square shoulder, such 
.> 'he o*-i on ta«s forming die, shown in figure 
"* \ is recineJ >ut. Mount a roundnose tool in 



a straight toolholder. Set the machine for the 
length and position of stroke and the correct 
speed. Check , to insure that the' ram 
toolslide will clear the work and vise. Pick uo 
the out with a piece of paper and set th* 
toolslide dial to zero. Make the necessary 
calculations to determine the depth from tw 
top of the work to the bottom layout line. Begin 
the cut approximately 1/32 inch from the ver- 
tical layout line. Use a roughing leed. You c;*n 
use the power feed to machine within 1'S i^crs 
of, the layout line and then feed by huno to 
within 1/32 inch of the line. Move the v/o«*k 
back to the starting point of the cui and set tne 
toolslide for an additional depth of cut. Engage 
the power feed and allow the table to feed until 
the tool is within 1/8 inch of the shoulder. Feed 
the work by hand until the tool is within 
inch of the preceding cut. \CAUTION: Be sure 
that the toolholder clears the work as the depth 
of the shoulder increases.) Repeat the 
operations until you obtain the depth you 
desire. NOTE: You can measure the height of 
the shoulder with a depth micrometer but be 
sure that you remove all burrs from the 
shoulder before you make the measurement. 
Leave approximately 0.015 inch for additional 
cuts on the horizontal surface. 

15-5. Swing the clapper box away from tbe 
shoulder and position the tool at a 30° to 40° 
angle with the shoulder. Pick up the vertical 
surface of the shoulder and set the crota!eed 
graduated collar at zero. Position the work and 
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Figure 71 Roughing excess to one shoulder 
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Figure 72 Slots and grooves. 

the tool bit with the crossfeed and toolslide so 
that the tool bit contacts the horizontal surface 
of the work. Then, set the toolslide graduated 
collar at_/.ero. Rough out the stepped material 
that is adiaccnt to the shoulder to within 0.005 
inch of the vertical layout line. (NOTE: You do 
this bv making a series of vertical cuts. Use the 
zero setting of the toolslide and crossfeed 
graduated collars as reference points for each 
cut. Move the work for the depth of cut with the 
crossfeed. and move the tool bit downward 
with the toolslide for the feed.) Feed the tool 
downward to within 0.005 inch of ihe horizon- 
tal line, Feed the work away from the tool bit 
by engaging the power ft^ed. 

15-6. You have now machined both the ver- 
tical and horizontal surfaces to within 0.005 
inch of the layout line. If the fillet formed by 
the nose radius on the tool bit is not ob- 
jectionable and the finish produced by the 
roundnobe tool is acceptable, you can machine 
the shoulder to the finished dimensions. If you 
require a better finish and a square shoulder, 
you can machine \\\c vertical surface with a side 
finishing tool and the horizontal surface with a 
squaring tool or both the vertical and horizon- 
tal surfaces with a squaring tool. You obtain 
the best tinish when you use both the side- 
finishing tool and the squaring tool. 

15-7. Grooves. You can machine small slots 
and grooves with form tools, as shown in figure 
72. or \ou can rough out large slots and 
srooves with a roundnose tool and finish 
machine them with finishing tools, as shown in 
figure 73. Use square-nose tools to tinish 
square and rectangular slots and left- and right- 
hand side-finishing tools to finish machine V- 



slots. You can cut off or part work with a 
shaper by simply machining a narrow slot deep 
enough to separate the work. Grind shaper par- 
ting tools identical to the squaring tool except 
for the width of the cutting edge. The cutting 
edge on shaper parting tools should be from 1/8 
inch to 3/16 inch wide. CAUTION; Do not at- 
tempt to part work or machine deep grooves 
parallel with vise jaws. The pressure of the vise 
jaws may cause the groove to close slightly and 
bind on the cutting tooi. 

15-8. Keyways, A square or rectangular 
keyway is in reality. nothing more than an ex- 
ternal or internal slot or groove that is parallel 
to the axis of a shaft or hole and which is fitted 
with a key. The terms ■'keyway" and 'keyseaf 
are often used interchangeably. The cutting 
tool that you use to machine a keyway is similar 
to the square-nose tool, except for the width of 
the cutting edge. The cutting edge should be the 
same width as the key that will be used in the 
keyway Prior to machining a keyway, .you 
should xiccurately lay out its location, width, 
depth, and centerline. "Extend the centerline of 
the keyway down the end and through the axis 
of the work. The extended centerline will help 
you aline the work and cutting tool. A slow 
operating speed and a depth of cut of less than 
'0.010 inch will help keep the tool from 
springing. Both external and internal keyways 
can be machined with a shaper. First, we will 
discuss the information you will need to 
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Figure 73 Machining a wide groove. 
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Kg'irc 74. Drilled holes for key.seai*. 

machine external square key ways and then the 
information pertaining to internal square . 
keyways. 

13-9. External keyways. If the keyway you 
are to machine does not extend the full length 
of the shaft, drill a hole at the point where the 
keyway will terminate, as shown in figure 74, A. 
The diameter of the drill should be equal to the 
widtn of the keyway. The depth of the drilled f 
hole, excluding the conical point of the drill/ 
should be equal to the depth of the keyway. The 
hole prevents chips from building up in front of 
•Mt voting tool and permits machining the 
xeyvVd) to its full length. If both ends of the 
keyway you are to machine terminate on the 
shaft, dnil holes at both ends of the keyway, as 
shown in figure 74, B. Drill two adjacent holes 
jr. m:' end of the kfcyway where the cut will 
originate, as shown in figure 75. Remove the 
metal between the holes with an end mill or by 
cimcling and filing. The elongated hole will 
pcr»T:.( ihe cutting tool to drop into position. 
Grind away the back portion of the tool bit, as 
shown in figure 75, to provide additional 
clearance between the tool and the sides of the 
holes. Position and set the length of the stroke 
rarcf*;! 1 ;'. If the length and location of the 
stroke are incorrect, the tool or the work could 
be damaged, or you could be injured, so be 
ca <:fal\ Measure the depth of the keyway along 
rhe rVom the bottom to the edge formed by 
ihe intersection of the side and the cir- 
cumference of the shaft. You can find the 
.ecornmended dimensions of keyways for shafts 
> f *, ;i r ; n u § diameters in machinists' 
Mib ; "\.»i: v.. euch as Machinery's Handbook. 

'J- 10. You can machine an external keyway 
,r. .!» iwls.nving manner: Lay out the keyway. 
:> tending the centerhne over the end ol the 
r* r ill holes at the ends of the keyway. 
'vto.t.u the '.-^ o»> the shaper, alining the cen- 
5i:r}ui; *ui. a machinist's square, as shown in 
f-gire 7 v °^sUion the clapper box in the ver- 
i.cr.1 fu .ion and mount the cutting tool and 
io^s'io' i'ir. tuning the cutting edge horizon- 



tally. Position the kcywn*' unclcr JX» ctn.iiv; 
tool. Set the machine for mo proper kn**: 1 
stroke and speed. Carefully position the stroke 
checking to insure that the tool will not 
overrun the drilled holes. Pick up the top\sur- 
face of the shaft. Machine the keyway to the 
required depth. NOTE: The total dcoin.oi cut 
can be determined by the following to'rniul*' 



i v + . 



when 



p -* Jcpih oi cu' 

W = vwdih ot kc\ 
I » height ol arc 

(The height of arc can be found <n machini.*'/ 
publications, such as Machinery s Handbook x 
Insert a key of the proper size in the Uy> «. 
ond measure over the key and the t'L..uur * . 
the shaft to insure that the keyv.iy is ihe 
required depth. NOTE: The iniironuUi 
reading over the key and the shaft can he deter- 
mined by the following formula. 



vi « |) + w - - i 



when 



\f « mtcromcicr reading 

1) » dumelcr ol shall 

\V width ol kc\ 

1 = hciicht ol are 



Deburr the keyway and remove the work from 
the shaper. 

15-11. Internal keyways. Internal k<S^wu>s 
are machined with a setup like the one shown in 
figure 77. Note that the clapper box is in the 
vertical position and locked to keep it from 
moving and that the tool is held in an extension 
tooljjoldcr and fed upward for the depth ot.cut 
Internal keyways are machined in much t.K 
same manner as external keyways. 




TOOL BIT 



KEYWAY 



ORILLED holes & 

# 

safe 



I mure 7^ Kcw.ii slutting 



5 3 378 



48 



131 



1 



r *t tiNG 
root 




0# M^*' i — — — i ^ 



53-379 



Figure 76 Alining work with .i machinist square. 



16, Irregular Shaptfr 



16-1. In addition to straight surfaces which 
are machined horizontally, vertically, or at ar 
angle, you can also machine irregular or con- 
toured surfaces with a shaper. While horizon- 
tal, vertical, or angular surfaces may connect 
the curved portions of an Object, only the cur- 
ved areas are considered as being contoured. 
The coniour may consist of a single radius, or it 
may have several curves, such as the contoured 
surface shown in figure 78. 

16-2. You can machine contour surfaces 
with a shaper bv first laying out the contour on 
the end of the work blank and then cutting the 
contour with form tool*; or by moving the work 
and tool bit. You normally use form tools to 
machine several identical items. If the contour 
is too large to be formed by one tool bit, you- 
can grind tool bits to the shape of portions of 
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the contour and then machine the contour by 
sections. You will obtain the best results by 
roughing out the Contour with a roundnose tool 
prior to using the form tools. Contours that are 
not practical to produce with form tools can be 
machined by moving the work and the tool bit 
simultaneously so that the tool bit follows the 
layout line. You can feed both the work and the 
tool by hand, which requires a great deal of 
skill and experience, or you can feed the work 
by power and the tool by band. You can 
machine a fairly accurate and uniform conioUr 
with this method, since it en-ibles you to cc*«- 
centrate mainly on feeding the tool. Use a roun- 
dnose tool to machine the contour. NOTE: 
Place the clapper box in the vertical position 
when you machine a contour. If necessary, you 
can file and polish the contour after machining 
it to improve its shape and finish. 

17. Shaper Maintenance 

17-1. A shaper is usually shipped from the 
factory in a single crate or box and is normally 
almost entirely ready for use as soon as it is 
placed in position and properly lubricated. The 
machine is normally covered with a preser- 
vative, such as a heavy grease, to protect it from 
corrosion and rust. In this section we discuss 
0) installation, (2) cleaning, (3) adjustments, 
(4) lubrication, and (5) troubleshooting. 

17-2. Installation. A shaper should be in- 
stalled on a concrete foundation. If this is not 
available or practical, it could be set on a solid 
wood floor and held down by heavy lag bolts. 
When you are installing a shaper you must pay 
particular attention to the amount of floor 
space needed. Ample room must be allowed for 
the ram uavel, and there must be ample room 
for an operator to move around the ends and 
sides of the machine. The manufacturer usually 
furnishes a dimension plan for reference when 
you locate the machine in your shop. 

17-3. Cleaning. Before operating a newly 
installed shaper, you must clean the preser- 
vative from the machine. Many types of preser- 
vatives are used, but the most common type is a 
heavy grease. You can remove the grease and 
most of the other preservatives with a cleaning 
Solvent. You must exercise caution in the use ot 
caning solvents as most of them are flam- 
mab N l$ and should be used only in vvelU 
ventiUued areas. 

174>Adjustmenls. To keep the shaper in 
the best operating condition, make periodic in- 
spections aiid minor adjustments. The periodic 
inspections 'should include checking the 
lcvelness of triX machine, condition or the 
clutch and brake Assembly, and the adjustment 
of the gibs, belts, aod the rail clamp. 
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1-igu.e 73. Machining a contour. 

17-5. Leveling. The shaper is leveled with a 
precision level. Place the level crosswise on the 
table ant* lengthwise on the top of the column. 
The crc^srail must be clamped to prevent it 
frfrra- moving. The machine should be level to 
within 0.00 1 of an inch per foot. The leveling is 
done by placing shims under the supporting 
points of the machine. 

:7-6. Clutch and brake assembly. After a 
long period of time, the clutch and brake 
assembly may require adjustment. If this ad- 
justment ever becomes necessary, you should 
rcicr Jj the applicable technical order or the 
manufacturer's handbook on the care and 
;r~.:".tcnance of the specific machine on which 
you are working. The normal operational test 
co- ncMon is made with the ram stroking and 
me ctutch engaged; a light push on the clutch 
lever should stop the machine automatically. 

17-7. Gibs. Most shapers are gibbed 
isiro-uShcut to maintain proper clearance bet- 
ween working parts. Correct adjustment of gibs 
is necessary for accurate and smooth operation, 
and also, to eliminate excessive chatter during 
cutting operations. Gibs are usually adjusted 
with i minimum of clearance; they should be 
du« vn up snugly, and the adjusting screw 
backed off to provide a clearance of about 
0.002 inch between the bearing surfaces. 

Belts. The adjustment of the motor 
dr^'e :jUs is usually not an involved operation. 
You can do it on most machines by loosening 
the nuts holding the motor base and turning an 
adjusting screw at the bottom of the base. 
vvhv.W you want to tighten or loosen the belts 
del amines the direction to turn the adjusting 
srzav T v e belts should be tight enough so that 
ihc do not slip under a normal load but not so 
ii^ii »hai they stretch and possibly break. 
*V * . ? -.7 dump. To adjust the clamp on the 
fig.it ui raii, apply a wrench to the 
cia.np shaft to loosen the mechanism and then 
;ri'.*f3e ^> ? - to the left end of the rail. 



Turn the adjusting screw tight arainsi : is «c«- >l * 
and back it off about one-half turn, ncv.t. au 
procedure for the clamp on vhe left end otthc 
rail. You may have to make additional minor 
adjustments for the best clamping condition, 
depending upon the variation of limits ar»a 
unequal wear on the mechanism. 

17-10. Lubrication. Oiling the shapev \s ot< 
ten neglected during high production. When 
the machine is operated continuous.!?, oil it at 
least once caqh day. Proper attention *'o 
lubrication will greatly increase the :ife of um m 
shaper and hold maintenance to a mi.nsruiii 
The oiling should be done progressively. 
Shapers of recent design are equipped with an 
automatic lubricating system which insures a 
constant supply of clean lubricani at important 
points. Check the oil gages to insure that tn^ ol* 
is at a safe level. If the oil is low in the reser- 
voir, the oil pump will not operate pfvpctiv 
There are many points on the shaper that must 
be hand oiled. A small amount of oil applied at 
regular intervals is belter than a flood of oil at 
irregular intervals. Periodic oil checks and 
changes are necessary for preserving the life t r 
the machine, and thereafter once every 12 mon- 
ths per shift of operation. When you change the 
oil, consult the applicable technical Older o* 
the manufacturer's operator manual for the 
specific oil and the amount that should 5c Ua£^ 
for the particular make or model of shaper that 
you have in your shop. 

17-11. Troubleshooting. Machining 
troubles on the shaper are caused almost en- 
tirely by the setup. The work must be held 
solidly and securely while it is being inachhei 
The following is a representative list of possible 
causes of trouble, some of which may even 
result in damage to the machine: 

a. Tool loose in the toolholder. 

b. Toolholder loose in the toolpost. 

t\ Work set too high, causing the ram to 
strike the work instead of passing over it 
(I. Work not securely clamped to the table 
e> Improper use of jigs and fixtures. 
/. Improper feed— excessive feed causes chat- 
ter or dulls and breaks the tool. 

g. Incorrect speed— excesyve speed 
overheats the tool, causing it n d»: l! o* 
break. 

h. Changing gears with the machine running 
will probably cause the gears ?c lock. 

L Lack of lubrication will cause an early 

breakdown of machine. 
/. Allowing uirt ,Und chtps to accvr'-Jp 1 * 

causes excessive wear on ways and sliding 

surfaces of the machine. 
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CHAPTER 5 



Contour- Machine Work 



OF ALL THE machines you will operate, the 
contour machine will probably be the greatest 
challenge to your resourcefulness and skill. 
Unlike the lathe and shaper, the contour 
machine depends almost entirely upon the skill 
of the operator for the precision and quality of 
work it produces. The contour machine is 
primarily a metal-cutting bandsaw, but you can 
also be filing and polishing with it. For sawing, 
the work is fed against the saw band. For filing 
and polishing, it is held against the. file band or 
polishing band. In this chapter we will discuss 
angular sawing and. filing; three-dimensional, 
stack, and difficult materials sawing; the 
attachments used on the contour machine; and 
maintenance of the contour machine. 

18. Angular Sawing and Filing 

18-1. Sawed surfaces are normally at a 90° 
angle to -the table surface. It is sometimes 
necessary for the sawed, surface to be at an 
angle other than 90°. This is true, for example, 
when angular clearance must be given to a 
punch and die. The table can be tilted forward 
or backward up to 10°, to the left up to 10°, 
and to the right up to 45°. Most contour 
machines have (wo sets of holes in the keeper 
block for the mounting of the Fower saw guide. 
When an angle of 20° or.less is to be sawed, the 
lower saw guide should be mounted in the up- 
'per set of holes in the keeper block. To saw an 
angle of more than 20°, use the lower set of 
holes. The lower set of holes is provided to en- 
sure that the saw guide does not limit the tilting 
of the table. You tilt the table by loosening lodk 
bolts located below the table and then set it to 
the desired angle. The settings are indicated on 
graduated plates located below the table. You 
may check the angular setting by measuring the 
angle formed by the post and the table top with 
a protractor head and blade. Tighten the table 
s lock bolts after you have positioned the table to 
the desired angle. From this point on angular 
sawj'ng is done in the same manner as straight 



and contour ^wing. Feeds and speeds for 
angular sawing\re the same as for straight and 
contour sawing\ Both internal and external 
sawing can be performed. • 

18- 2 Angular filing is done for the same 
purpose as for other filing operations. Selection 
of bands, speeds, and the setup procedures are 
the same as those for all filing operations. After 
the sawing operations, you file the work as 
required without disturbing the table setting. . 
This assures that the correct finished angles wih 
be produced. External and internal mating 
parts are more easily fitted if the table setting is 
not disturbed when each part is finished. 

19. Three-Dimcnsiotval, Stack, and 
Difficult Material Sawing 

19- 1. Previously, we discussed the basic 
operations of straight and contour sawing. In 
this section we will discuss- the' more difficult 
operation employing straight and contour 
sawing, such as three-dimensional, stack, and 
difficult material skwing. 

19-2, Three-Dimensional Sawing. Three- 
dimensional sawing, filing, or polishing are 
operations that produce two or more surfaces 
which may be at an angle to each other. You 
can produce many three-dimensional shapes 
more easily on the contour machine than on 
other machine tools. The reason is that you 
produce many shapes having 1 radii and com- 
pound angles on other machines by a series of 
tooling setups on the surface of the work. On 
the contour machine you can cut many of the 
irregular shapes and angles dircctly.Thc most 
important factor in the sawing of a three- 
dimensional object is the layout prior to the ac- 
tual cutting. Scribe the layout lines on two or 
more sides of the stock prior to cutting the 
irregular shapes. Use extreme care to make sure 
- that the layout corresponds as to size and shape 
from one side to the other. You must decide the 
sequence of cuts necessary on each side, and the 
layout must correspond to this sequence. You 
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r:us: also decide which waste .pieces can be 
>awed off immediately and which must he 
retained to support following cuts, When sup- 
port ufid reference ^ides are needed, partial cuts 
can be made, and y<5u can finish the cuts after 
the work has been coujpleted to a point, at 
which support and laybwt are no longer 
Surfaces that areNa right angles to 
» .\!;tr are produced by setting the work 
» „> . cro or perpendicular to the post and 
» *k ., i-i You can produce most other angular 
tu u„ ;s ny a ting ihe table to the desired angle. 
The only limitation to cutting/angles by tilting 
the table is the range of the table movement. If 
insular surfaces are required, the normal 
method is to complete one surface, such as 
sawing, r iling, and polishing^ before going to 
the next surface. You should use'this method, 
uniess it is not practical, because the position of 
the table for a /given angle does not change. 
Finish one angular surface to specifications and 
then **:t the table for another angle. 

!9«3. Sawing Difficult Materials. Modern 
manufacturing processes have made it possible 
to produce many new^metals, some of which are 
.»}:: *n v> !y difficult to machine or form into 
v t \;iou:> shapes. Proba'bly the most common of 
iht.se metals are the nickel-alloyed stainless 
steels and the titanium alloys. These alloys are 
hard to cut with any machine tool, but cutting 
.i ../h tins contou r machine is probably the 
most difficult because it uses a saw band as a 
cutting tool. The teeth of a saw band are 
'orally quite small, very hard, and brittle. 
i\\k.j ia'c easily broken. A slight error in selec- 
ting or calculating feed and speed can "very 
qipckly ruin a band. When you are required to 
cut these alloys you should pay careful at- 
tention to ;he selection of the saw band, con- 
,i<. o>.^ ->uch factors as type of material, type of 
>a^ing operation, pitch of the teeth, set of the 
T ?eth, temper of the band, speed and feed ap 
i>lkT.t 5 s '"or the material, ajid the machine setup 
or >h* band. If the material to be cut is ex- 
ceptionally hard, you can sometimes use a 
method, called triction sawing, to advantage. 

19-4. Friction sawing. In. this method of 
;»V x n a ijjo a fairly heavy feed pressure in 
0\...»>rion witjf^ high velocity of the saw 
1. '"C-.. abdUt ^000 SFS to about 14.000 
A : 'i* ucpending upon the material being cut. 
c \> ■ i'*is type of cutting, the saw band does not 
cu \ v - * iarp. For most operations u dull 

i:r~ i : .;o ^'jiji:, best because thormaterial 

-aicau i t!ie band during the cut nu/s: reach a 
vj i . "J^Jer certain conditions u 
-,,\* 7 ,vj° F The cut is io quickly com- 
. . m u it he cut is jlissipatcd quite 

\ j J" * * '~\ui savv oand doek not usually 
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overheat because the velocity creuiib aa air- 
cooling effect, except uireuly at the point i»< 
contact. With the correct band selector*, 
velocity, and feed, you can cui haiu aitoycu 
1 materials up to I Jnch quite easm. iVicjou 
sawing should bc*donc onl> on a rr.uchir.t 
capable of producing they high veloc!,} 
needed — a-iieavy-duty type, \\ui%.h usu.j \% u>e* 
the roller-type .saw guide insert. Now uv: i^i 
mpthod to saw combustible niai%.r;<*i'. 

19-5. .S'rrti'i/ii; titanium. Titanium is a jiftuMi 
metal to machine, although it is ikm usuail> 
very hard. Titanium is a poor heat conductor, 
and the heat generated by a cutting action does 
not dissipate easily. Therefore, the heat is con- 
centrated on the cutter tace and edge. Tuanu:i" 
has a tendency to gall and weld, which 
destroys a cutting tool. Workpieces fabricates 
from titanium have a tendency to move aw.n 
from the cutting tool, making a heavier feed. . 
necessary. & * 

1 9-6 You cannot change the machining 
properties' of titanium but you can minimize 
their effects by using the following simple rules 

• Use low cutting speeds. 

• Maintain a high Veed rate, 

• Use a high volume of coolant 

• Use sharp tools and keep them shar^, 

• Never stop ihe feed while tool ,«a'J 
are in contact. 

r 

19-7. Titanium is one of the relatively lev 
combustible metals. Under certain conditions 
fine titanium residue burns with intense heat. 
Using a liberal coolant flow and keeping you: 
toolb sharp can eliminate most, of the danger. 
To further minimise the possibility ot rir.e. ;ou 
should practice* good housekeeping. Tim 
should be standard procedure in art} 
metalworking shop. If a lire should occur, tiy. 
Iry powder* (such as dolomite, vlnui ij 
powdered limestone) that have been developed 
specifically tor this type of fire. For maximum 
safeiy, containers of dr> powder should be 
within easy reach of machinists working with 
titanium. CO: extinguishes and chlori 
hydrocarbon extinguishers are not recom- 
mended for titanium fires, NEVER APPLY 
WATER DIRECTLY TO a TITANIUM 
FIRE. ***** 

19-8. Stack- Sawing. Stack sawing ii> the 
sawing of several pieces ol sheet material of the 
same shape in one operation, as bhown m figure 
79. This method ot duplicating identical parts 
saves time, especially when not too many pic jus 
arc a ceded and the job do«... n>i ui.ini \u 
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Figure 79 Slack %.ivse<l pans 




iMtturo *o Compressing attack «l pieces in tin .lrbar 
press ami vteMmg ihcni loucthcr 



as for sawingsoKd material. This operation can 
be' best applied to flat pieces of sheet stock 
'since 1 it is necessary to stack one piece on 
another. After the material has been stacked il N 
must be fastened together to hold it during the \ 
sawing operation. For .larger work, rather than 
■ relying on the weight of each piece for the close 
contact desired, it is best to place the stack in 
an arbor press, as shown in figure 80, Holes 
may be drilled on th$ waste section of a stack 
and the sljiok bolted or welded together to hold 
the work lor the sawjng operation. Small stacks 
for small parts can be placed in a vise una 
fastened together by Soldering, .as shown in 
figure 81, You must decide from the nature ot 
the work which method i« best suited for 
fastening the pieces together. If bolts are" used, 
the heads may interfere and not allow the work- 
piece to lay flat on the machine table. The 
heads should be countersunk flush with the boi-. 
torn piece of work to prevent chatter. (NOTE: 
Keep the thickness of the sia?k in proportion to 
the size of the base so that it will n<?< become 
N top heavy, difficult to handle, or dangerous to 
the operator.) The thickness of the stack should 
• be no greater than the width. 

20. Contour Machine Attachment* 

20- 1 - The use of various attachments will 
enable you to perform certain operations with 
greater' ease and accuracy. In this section, we 
will discuss some of the attachments. 





I* mure Compressing 



M\\i soldering snuV«HwcK 



J 



TACK . 
SOLDERED^ solder ^ 



^fl STACKED 
BLANKS 



manutacture of a blanking die. The number ol 
pieees that ma\ be black 'sawed is limited by the 



MAGNIFYING 
LENS 




apac.iv or the machine The cofl«.iy o the ^ 
machine tor sawing duplicate pieces is tnt same b 
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LONG WORKPIECE 

NOTE: S8 
PMM COWER ANGULAR j 
^tmm SAWGUIDE NOT SHOWN 



Figure 83. Angular saw guides. 




~ WORK SAWED u 

/.»Mia to fence 

*. 

c ;2\irc 84. Improvised rip fence. ♦ 

, ') ."^.iiiying Attachment, The 
»th:w tittochment, shown in figure 82j 
% ;«r ft ;*ts .> j: vinu: : -^.angular lens mounted in* 
5 musing. The housing contains a light 5 



socket tor a 1 5-watt candelabra-type 'imp Ihe 
lend.and light are supported on an ° n whicn is 
secured to the post by means of a f ci;n;*i:. 
The arm has universal joints, whi .. pe, niu yo* 
to set the glass at any position \ ■ both s.vvL.- 
and filing. A special plug connector vs-. ^ 
tension cord connects with ihe outlet >'cio 
located on the irons of the Xidcriin; al>u«/e c- 
table light outlet. This outlet is'fused fo* ! 
pere; you should' not use it for any other iig*n 
extension where I'cre than 15 war.h ^i'l lv. 
consumed, You u-o the magnifying attacfinier,. 
when precision sawing and filing to close 
tolerances ,arc required/ 

20-3. Angular Saw Guides. Angular $a»- 
guides twist the saw band to ^ 30 c 
allow work that would normally be too io»ig 
saw lo be machined; for example, the r, rt : orig- 
in figure 83. The tension must be less ih&u nor- 
mal to permit ihe saw band to twist without 
causing the inserts to wear excessively, 
* 20-4. Rip Fence. You use the rip fettle co 
cut stock so that opposite sides are pirsl-e'. 
The fence must be set parallel to the table slot 
and located the desired distance from the saw 
band. A rip fence oan be improvistd 0} csa:*- 
ping a metal bar to the table, as shown in figure 
84. Accurate results can only be obtained ;f t!« : 
saw is properly set up and a sharp saw band is 
used. * * 

20-5. Culot'f and Mitcring A * f «£*.'«< tit Wit . 4 

You use the cutoff and inhering attachment. 
shown in figiire 85, for cutting off, inhering, 
and ripping -operations. Clamp or hold \\ . 
stock to be sawed in position against (he at- 
tachment. You can set the attachment at an 
angle with' a protractor, using the table slot as a 
reference/ line. A gage rod can be extended 
from thff attachment and used as a stop when 
identical lengths sawed. The aft-sc^irr-M 
swung on tlie slide rod and allowed to ha.vj 
belowy'the tabletop when it is not in use. 

2Q-6. All-Purpose Vliteriny Mairhmeiu. 
You can perform three operations with the ail- 
purpose mitcring attachment shown in figure 
86. You can use it with hand or power feed for 
(/I) ripping. (2) totting off, or (3) mitcring Y014 
pan notch, square, rio, or mi'er rods, tu! 
bars, channels, raifs, and irregular shaoes with 
/accuracy. The attachment is mounted on tlie. 
sawing side of the table and is fastened to ? 
guide rail on the front edge of the table. The at- 
tachment has a ^raujate- |;Idte with an .10- 
justable work stop on the mitenng bar and a 
lockscrew on the miter head, which enables you 
to set the attachment at any desired angle. 

20-7. Disc-Cutting Attachment, You can 
use the disc-cutting attachment to s>c>\v aite«nai 
or external circle nnd dis. "> • • 



154 



137 



Figure 85 



Cutoff .ind mitcring :iiiachmeni. 



the circle which you can cut is limited to the 
length of the cylindrical bar on the attachment 
or to the throat depth of the machine. The disc- 
cutting attachment consists of three parts. (I) a 
clamp" and cylindrical bar. which can be 
fastened to the saw guidepost. (2) an adjustable 
arm that slides on the cylindrical bar. and (3) a 
picot or centering pin — all shoun in figure 87. 
The disc must be laid out and the center drilled 
with a center drill to a depth of 1/8 inch to 3/16 
inch to provide a pivot point for the centering 
pin. You can feed the work into the saw band 
by hand or b> power feed. NOTE If >ou use 
power teed, you should lock the right cable so 
* that all the force of the weight will be applied 
jo the left cable. Wrap the chain on the left 
cable around the work two turns. When the 
weight ib applied, the work will rotate clock- 
wise into the saw. The centerlme of the" cen- 
tering pin must be in line with the front edge of 
the bawieeth and at the desired distance from 
the saw band. 

20-8. Power Feed Attachment, The power 
teed attachment, shown in figure 88. permits 
you to use both hands to guide the work. The 
powe* is provided bfr a weight on a beam. The 
location of the weight on the beam determines 



the rate of feed and ttffc pressure which is exer- 
ted on the saw band by the work. Ycu vary the 
location of the weight by turning the po"wer 
feed handwheel on the front of the machine. 
Turning the handwheel clockwise reduces the 
pressure and rate of feed. Turning it coun- 
terclockwise increases the rate of feed. When 
the handwheel is in the extreme coun- 
terclockwise position, the weight exerts a 
pressure or pull or*60 to 75 pounds. The 
pressure is transmitted to the work by means of 
a cable and chain, as shown in figure 88. 
Position the movable pulleys in line with the 
sides of the work for straight sawing and 
slightly outside the edges of the work for con- 
tour sa.ving. NOTE: You can use the 
workholdmg jaw, shown in figure 88, to hold 
the work. Place the power feed ^hain around it 
as shown in figure 88. 

20-9. You engage the power feed by 
releasing tht foot pedal. Unlock the foot pedal 
by depressing it and moving it slightly to the 
left. Do not allow the foot pedal to rise too 
rapidly, or the work may be jerked into the saw 
band. Disengage the power feed by depressing^ 
" the foot pedal when you are approaching the 
end of the cut. 
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Figure 86. All-purple niitcrm^ .itiachmctii, 




'"ujlt< $7 D:*c-cufting attachment. 



hydraulic pressure is used to provide 
" z w*v </ v \«-r.e contour saws. A valve is 
u rt-rju'dic ihe raie of teed, and a large 
\ o h* he;* controls the direction of the saw 

Mi-. I. L.uii..;> Pencil. You can use the t'f- 
r. w > .icf. i %i. r. \Jure 30, with the btitt 
*<, * * iark metal; such as tools, jigs, and 



fixtures. The attachment consists of two cables 
with a cord-insulated copper pencil fastened to 
the end of the longer cable. Clamp ihe strip of 
the etching pencil cable in tile movable jaw of 
the bull welder. Insert the gro\ind cable in 'he 
etching pencil jack on the butt welder and 
clamp the terminal strip to the stationary jaw A 
fiber spacer, which acts as an insulator between 
jaws, also prevents any movement of ihe i*»ws 
when the welding level closes the circu., nr,\ 
movement of the movable jaw will break ihc 
circuit. Place the work to be etched on ihe 
grounded table; when you apply the etching 
pencil to the work, the circuit is closed, and ihe 
pencil burns a groove as you move it along the 
.surface of the work. 

21. Contour Machine //i.iintenaiice 

21-1, The contour maehine is one of the 
easiest machine tools in the machine shon to 
maintain. It is a very simple machine with only 
a few moving parts, all ot which «ue easily ac- 
cessible, in thi* ,c^iO:i we duettos { : t in- 
stallation and alinemenl, i2) luorication. ami 
(3) troubleshooting and adjustments 

21-2, installation and Alsnviticnt. The con- 
tour machine should be installed so .that the 
light strikes She 'able from over itie rig f i 
shoulder of the operr'»>r whe # V < "* • f 
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WORK HOLDING 
JAW 




CHAIN 




Figure 8X Power toed 




Figure 89 Etching pencil 

tor snMng and from over fm left shoulder when 
he is in position tor filing or polishing. The 
machine should be rigid and level on a solid 
floor to insure that the frame will not spring 



out of alinement. After the machine is in place, 
shim under the base until the post, and keeper 
block aline with each other. You can aline the 
post and keeper block with the aid of a 
machinist square. When alinement is obtained, 
bolt the machine securely to the floor with lag 
screws through the holes in the flanged base of 
the machine. 

21-3. Lubrication. When you are lubricating 
the contour machine you should use a 
lubrication chart to fnsure that all parts will be 
lubricated as recommended by the manufac- 
turer. The lubrication chart usually includes 
the following items: 

a. Transmission. The transmission should be 
oiled monthly. Use a^good grade of tran- 
smission oil and fill the case until the oil ap- 
pears in the filler pipe elbow. 

b. Variable speed pulley. The variable speed 
pulley should be oiled about once a month with 
a good grade of spindle oil. This unit should 
not be overoiled, because excess oil causes the 
belt to slip. 

r. Drive motor. The drive motor has wool- 
packed sleeve bearings and should be oiled 
about once a month with a good grade of 
machine oil. 

d. Grinder motor. The grinder motor can be 
oiled through the two spring cap oil fillers on 
the butt welder panel. A few drops of machine 
oil about once a month are sufficient. 

c Moving parts. Moving parts, such as the 
slide rod, slide screw, thrust bearing of the up- 
per wheel, power feed screw, and speed change 
screw, should be oiled occasionally to assure 
free movement. 

21-4 Air Pump. The air pump has plastic 
vanes and should not be lubricated with oil. If 
it becomes necessary to lubricate the air pump, 
pour powdered graphite into the air intake 
while the pump is operating. 

21-5. Troubleshooting and - Ad- 
justment. Since the contour machine is a sim- 
ple machine with few moving parts, only a few 
problems normally occur and not many ad- 
justments are required. We will discuss some of 
the most common problems and the steps to 
take to correct them. 

21 -6. V*beli slippage. V-belts tend to stretch 
alter continued operation. You can adjust for 
this condition by increasing the coun- 
terbalance. This is done by loosening the nut 
on the base equalizer spring. This results in 
placing more of the dead weight of the motor 
on the drive belt. However, too much weight 
causes unnecessary wear on the bearings and 
shatt. Proper counterbalance is attained when 
the motor mounting base just touches the base 
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of tlvs machine when the motor is allowed to 
drop from a height of I inch. 

21-7. Butt Welder failure. Only certain ad- 
justments can be made on the butt welder. The, 
movement of the welder jaws cannot be 
changed. The switch cutoff can be adjusted in 
or out to regulate the timing of the weld. A 

• .....vie rotation of the cutoff switch ad- 
; ! irwnt c Cfew usually causes a slower breaking 
v. C*. >vi-'ig circuit to give more heat at the 

o\ % u v«;jd. while a counterclockwise ad- 
g 5 ves ics3 heat. If the failure is elec- 
t*:uil, you should not attempt the repair your- 
self but should have the repairs made by an 
electrician. 

2 1-3. Incorrect tracking. Incorrect tracking 
ot \V hand results in excessive pressure on 
ihi i;u:di block thrust rollers* causing the saw 
to "wear out the bearing cap. When this occurs, 
remove the worn cap from the bearing and 
press on a new one. 



21-9. Air pump stoppage. Stacking { Am tt 
vanes in the pump are caused by dirt and oil 
and will result in air pump failure. Clean ili^* 
vanes with a dry brush or rag and luoiiv.uc 
them sparingly with powdered graphite. 

21-10. Worn guide inserts. Worn or scored 
inserts on the surface that make con: net w ! *Ji 
the sawband should be regrounc to a 4y mss 1 .?. 
After grinding the inserts, remove the :hir- 
edges with an oilstone. 

21-11. (Jr^oved tire*. Saw band siiopcgt: 
causes wear and grooves on the, tire of tne lower 
wheel, excessive tension on a small, nanow sa* 
band causes wear and grooves #u ooU- :ne 
lower and upper wheels, if the wear Cdi % $c* :ltc 
saw band to ride in the grooves, it is imooootc!*. 
to track the saw band propeny. Rcn«. <, 
tires, turn them inside out, and replace u* 
the wheels, if the wear is excessive and the 
grooves are deep, install new tires. 
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CHAPTER 6 



Grinding Machine Work 



GRINDING MACHINES are used to dress, 
shape, or finish work surfaces by means of a 
rotating abrasive wheel. You perform two types 
of grinding, precision, in *hich you grind work 
with a machine to close tolerances, and hand, 
in which you hold the wheel to the work or the 
work to the wheel and grind by hand 
manipulation, in this chapter we will discuss 
cylindrical, taper, face, and form grinding; sur- 
face grinding operations, tool and cutter grin- 
ding, grinding machine attachments and grin- 
ding machine maintenance. 

22. Cylindrical, Taper, Face, and 
Form Grinding 

22- i. You can perform many types of 
operations on a grinding machine. In this sec- 
tion we will cover cylindrical, taper, face, and 
form grinding. 

22-2. Cylindrical Grinding. Cylindrical 
grinding is the grinding of cylindrical surfaces 
to remove the warpage caused by^heat treat- 
ment, reduce the work to exact size, and im- 
prove the finish. The work can be held and 
rotated by mounting it (1) between centers and 
driving it with a drive dog, (2) in a chuck and 
supporting it with a center rest, (3) on a live 
center and supporting it with a center res:, and 
(4 ) on a faceplate. The revolving grinding 
wheel provides the cutting action which takes 
place in the area of contact. The area of contact 
varies when the dimensions of the wheel or the 
work are increased or decreased and when the 
depth of cut is increased or decreased. 

22-3. The wheel and the work are usually set 
to revolve in opposite directions at the area of 
contact, as shown in figure 90, to provide a 
shearing-type of cutting action between the 
wheel and the work. Grinding is subject to 
more variables than other machining 
operations. Therefore, in order to grind work 
efficiently and economically, you must use the 
correct combination of wheel spread, work 
speed, and table traverse. 

22-4. Preparing work for grinding between 



centers. Before you can grind work which is to 
be held between centers you must lap the center 
holes to insure obtaining precise limits for 
roundness, straightness, and concentricity and 
to increase the life of the work centers. Lapping 
removes the scale and distortion left by heat 
treating and corrects inaccurately or roughly 
drilled holes. 

22-5. If your shop does not have a center 
lapping machine you can lap the center holes in 
a lathe or drill press. To do this, mount a round 
piece of hard wood, one end of which is turned 
x>T filed to a 60° angle, in a chuck. Cover the 
tapered end of the wood with lapping com- 
pound and insert it into the center hole of the 
work. Be sure to lap the center hole at each end 
of the work. 

22-6. Lapping a center hole by machine, as 
shown in figure 91, is a simple operation. You 
hold one end of the work on an adjustable cen- 
ter and, by pulling down on a hand lever, bring 
the rotating lapping stone into contact with the 
center hole. By changing the belt on the 
pulleys, you can obtain speeds of 720, 1300, 
2400, and 4500 rpm. You can move the work 




Figure 90. Area of contact 
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Figure 9K Lapping seiup. 

up and down on ihe ways to accommodate 
a maximum work length of 36 inches. The 
maximum width which can be accommodated is 
V <r.:p.j*k. A diamond dressing device is moun- 
tcu uii the spindle bracket. There is a 
micrometer adjustment for positioning the 
•^ivurend dresser for each dressing cut. You 
perform the dressing operation by swinging the 
urcSccr «nto position and passing the diamond 
os$ the lapping stone. When you are 
: ^ng the dresser, it should be swung back 
m)° ^ u t of the way. Always dress the lapping 
.;^nc < a*** the spindle is in the retracted 
p^.ticr, r.zver in the extended position. The 
iapping stone is a bonded abrasive wheel 
eerr.ented on a steel spindle. It should be, 
•ireasea trequently. A loaded or blackened 
«>ct uit freely, and generates ex- 
...v - 'du. Lapping stones are often treated 
» w yA to improve their cutting action. Some 
k : ;ver, prefer to use untreated stones 
. i~ f iV their own cutting lubricant, such as 
' : • , \ rcsene. or spindle oil. 
2** 7 m l:. indncal grinding. Assume 

\o \ have the job of grinding a straight- 
i , 1 . ~ 4 *c;r?: to -\ specified size. Alter 
, — t: center holes, you could eylin- 
**. !" y ~ : u " r% nrr:r on the universal tool 
^ r. .v\r 3!-r.uor ifi ihe following manner: 



Select the proper wheel and mount it on ue 
wheel flange assembly. Mount the wrv:ei uno 
wheel flange assembly on the wheeihead spin- 
dle and tighten the spindle nut. Place the whu.'l 
guards in position to adequately eovor tno 
wheel. Position the column so tr.at ihe 
graduations on the, base and on ;he trmu c* *ne 
table indicate a ZERO setting and lighten the 
lock bolls. When the ZERO setting ij indicate.! 
on the column and table* the wheelhsvxi is 
parallel to the table. Place the diamond drcs.>er 
and holder on the machine taoic u;e 
diamond point properly positioned \ n re to m 
to the wheel face and lighten the lock boil. 
Calculate the wheel speed and the work speed. 
Turn on the spindle drive motor to start the 
wheel rotating and let it run cor. ir.jtn.3l> 
throughout the grinding operation. Vik <; m* 
linuous running of the spindle and \,kc; 
keeps the spindle bearings and the grinding 
wheel in balance. 

22-8. Turn on the coolant pump motor and 
position ihe no/./Je to supply an adequate flow 
of coolant to ihe are;l of wheel contact, ^l.i^v 
the splash guards in position to return tne 
coolant to the reservoir lank Turn ihe 
elevating hundwheel to either raise uflouer t:; : 
wheeihead spindle until the lower crickei mark 
on the veriical slide corresponds with the 
crickei mark on ihe wheeihead. This alines the 
center of the spindle and the wheel wiii< 'h* 
headstock center. Bring the wheel forward t>> 
turning the crossfeed handwheel until the 
revolving grinding wheel lighily touches the 
diamond dresser and dress and true ihw »vhc-c! 
The depth of cut for dressing and truing should 
not exceed 0.001 inch for each pass across the 
face of ihe wheels. Move the wheel away from 
ihe diamond dresser to allow safe access to the 
table and remove the dresser and holder and 
splash guards from the tabie. 

22-9. Mount the headstock on the Icti erJ o. 
the table. Aline the graduated baso ol the h. id- 
stock to the ZERO selling and secure ;he l.*ci< 
bolls. Attach the proper sue of drive di g u 
tluied end of the reamer. Place ihe reamer bet- 
ween the headstock and fooistock centers with 
the end with the attached drive dog positioned 
on the headstock t'ead center. Do ihi> i .i 
manner that ihe dead center drive stud \. .11 i*e 
in the crotch of the drive dog. Support ihe 
shank end of the reamer >\uh the foutsu**./. ^en- 
ter under spring tension. Secure ihe Io«HmJi\ 
to the machine taMc D o*hion tho \Jilc rip 
dogs to allow miiii'.tuiri L»He /aver * 
wheel should run oil" ihe shank end of the 
reamer into the footsiock half center. Nut more 
than one-hall ihe wheel width should run oft 
the shank into the undercut hefveen %Xy .: \\ - ' 
and the flutes. Bring the wheel io »■ •«*•••« 
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proximately 1,8 inch of the reamer shank and 
engage the work head clutch to revolve the 
reamer, The grinding wheel and the reamer 
bhould be resolving m opposite directions at 
the area of contact, as shown in figure 90. 

22-10. Pick up the cut by hand manipulation 
uf the wheel crossfeed and the table traverse. It 
any war page is evident from heat treatment, 
pick up the cut at the highest point of warp. 
Place the splash guards in position to return the 
coolant to the reservoir tank. Calculate the 
table traverse feed for roughing, and set the 
table traverse speed levers to correspond as 
closely as posbible to these calculations. Use the 
formula: Table traverse = width of wheel x 
fraction for finish X rpm of work. Turn on the 
table traverse power teed and grind the shank 
of the reamer, using light depths ol cut until 
you have a clean ground surface from end to 
end. Stop the table traverse with the wheel 
positioned* off the shank in the half center ot 
the footstock. Remove the reamer from bet- 
ween the centers. 

22-11. Use a vernier scale outside 
micrometer to measure the shank on each end 
for any taper that may be present. Adjust for 
any taper by loosening the five lopksng bolts on 
the table and swivel the table by turning the 
fine adjustment screw. You can compensate for 
an\ taper up to 3 inches of taper per foot on the 
fine adjustment scale. CAUTION: Any time the 
table is swiveled, you must back the wheel away 
from the work and reestablish the cut, because 
moving the table toward the wheel also moves 
the work toward the wheel. This will produce 
too deep a depth of cut and could result in 
breaking the wheel and destroying the work- 
piece. 

22-1 2. Tighten the table lock bolts and 
rough grind the reamer shank 10 within 0.001 
inch ol the finished size. Remember that the 
bod> sue of the shank of a hand reamer is 
0 005 inch less than the nominal size of the 
reamer This clearance enables the shank of the 
reamer to pass through the reamed hole without 
binding Remove the reamer from between the 
centers and prepare the machine* tor finish grin- 
ding. Calculate the table iraverse feed for finish 
grinding and position the traverse speed levers 
accordingly. Replace the reamer between the 
centers and pick up the cut for finish grinding 
Finish grind the reamer shank to size, using 
light depths of cut. Remember that only 0.001 
inch of metal remains to be removed. Move the' 
wheelhead awa\ from the work and remove 
the reamer from the centers, Remove the drive 
dog from the fluted end of the reamer and place 
it on the shank end. 

22*13 Prepare the machine for rough grin- 



ding the flutes. Use the same procedures and 
calculations that you used to prepare the 
machine for rough grinding the shank. Place 
the reamer between the centers and position the 
table trip dogs to accommodate the length of 
the fluted end of the reamer. Rough grind the 
reamer flutes, using the same steps that you 
used to rough the reamer shank. Prepare the 
machine for finish grinding the reamer flutes, 
using the same procedures and calculations that 
you used to finish grind the^ reamer shank. 
Finish grind the reamer flutes to the designated 
size of the reamer, using the same procedures 
that you used for finish grinding the reamer 
shank. 

22-14. Taper Grinding. Taper or conical 
grinding applies to the grinding of round 
tapered surfaces, such as the shank and the 
point of a lathe center or the tapered portion of 
a taper plug gage. The reason that we refer to 
the operation as conical and not taper grinding 
is that flat work may also be ground with a 
taper. You can grind either external or internal 
work conically to any length. 

22-15. You grind conical tapered work in a 
manner similar to grinding straight cylindrical 
work provided that the taper is not too steep or 
abrupt. After placing the work between the cen- 
ters of the grinding machine, swivel the table to 
the required taper by means of the graduations 
on the end of the table. The correct work setup 
is illustrated in figure 92. This setup locates the 
axis of the work at an angle with ,the line of 
motion of the table. As the work moves across 




A Work 

B Wheelhcad 

G Wheel guard 

D Grinding wheel 
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E Headsiock 

F Moior 

G. Swivel table 

H Tailsiock 



I 'taper >calc 



Figure Conical grinding *eiup tor ^low upers. 
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A Work E. 

b. ••Vi^ci head F. 

C W v eel guard G, 

D. Grinding wheel H. 



Head stock- 
Motor 

Swivel head stock 
Table 



Figure 93. Conical grinding setup for >tcep tapers, 

the face of the wheel, a taper is ground. The 
angle or taper depends upon how far you swivel 
the table from its central position. The correct 
-nnic or taper also depends directly upon the 
relation of the wheel to the work. In lathe work 
you will remember that in order to turn a true 
iup2f you need to set the cutting tool exactly at 
center height or even with the axis of the work 
W. r s; machined. In a similar manner, the grin- 
ding : whee! axis must be exactly at center height 
or even with the axis of the work to grind a 
correal taper. If you position the wheel above 
; :; Vv the center of the work, the taper will 
':e different from that which the table setting in- 
dicates: 

22-16. You can usually grind steep tapers on 
a universal machine by swiveling the headstock 
o hi i:nre.d angle of the taper, as shown in 
'iTJiC 93. Be sure that the axis of the grinding 
j-heei is exactly at center height with the axis of 
vorc. You can also grind internal conical 
:!ctrs cr. the universal grinding; machine with 
.?e a.u M the internal grinding attachment, 




j U ii S MANOR £1 U|j WOtK PIECE 

. "» M ci grinding with an angular shaped wheel 



which we will discuss later. When you ij-hu 
conical surfaces you ca.i dress and 'rue l-c 
grinding wheel either before or after swiveling 
the table. The face of the wheel is always iu.i 
and parallel to the ways regardless of th,e awgie 
to' which you swivel the table. 

22-17. There are many methods of eiiec.».7.b 
tapers. The two most common methods are to 
measure the taper per inch with a rr.i»voas;:ii 
or with a gage. When you measure a uwiT v.'Uh 
a tapered plug gage, you^should use Prussian 
blue or wh : ic iead to check the contr.ct of u o 
surface being ground with the mating surras oi 
the gage. You will usually grind long tapers by 
setting the swivel table to correspond to :he in- 
ches of taper per foot or to the desired numiv.i* 
of degrees of taper specified t'er the »/r.:k 

22-1 d. Face Grinding. Face grin.- nj c- 
ten necessary on heat treated or hai'o ,/v.\j c 
obtain the correct length and finish. In making 
the work setup you must be careful to insure 
that the face to be ground is square with tht 
axis of the work. If it is possible, you should do 
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Figure 95 Face grinding with a cup wheel 

all the necessary grinding operations, sucn as 
cylindrical, shoulder, and face grinding, at one 
setting to insure maximum accuracy. There are 
three methods of face grinding: angular wheel, 
cup wheel, and straight wheel. You norrviv 
use the angular wheel" method, shown in figure 
94, when you grind two or more surfac e s'-ch 
as a cylindrical surface, shoulder, and tite face. 
A disadvantage of the angular method is that 
the wheel spindle w\s Is not perpendicular to 
the face of the work. 

22-19. You can use the cup wheel method, 
shown in figure 95, for either external or in- 
ternal face grinding bv selecting * am iwh^l 
proper size. The arej\ of contact b^^fi 
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Figure 96 Face grinding with a straight wheel. 

wheel and the face of the work is, as you can 
see. quite small. This is a desirable feature. 

22-20. The straight wheel method, shown in 
figure 96. is seldom used in Air Force shops. . 
You would normally use this method for rough 
grinding only. Grinding with the siie of the 
wheel is not efficient, since the area |f contact 
is too large. If you must use this method, you 
can obtain better results by recessing the wheel. 

22- 2 1 ."Form Grinding. Form grinding is 
performed in much the same manner as form 
turning on a lathe or form milling on a milling 
machine. The form that is to be ground on the 
surface is cut into the face of the wheel. This 
type of grinding should be limited to small 
parts because of the large surface contact of the 
whecfl to the work. An example of this type of 
form grinding would be the grinding of a con- 
vex surface, The wheel for grinding a convex 
surface aould be trued to a concave shape of 
the proper radius and the surface is then 
ground to the proper size. Extremel> light cuts 
should be made to reduce the possibility of bur- 
ning the uork or causing it to develop grinding 
cracks. Form grinding can be done on the sur- 
face grinder or on a cylindrical grinding 
machine 

23. Surface Grinding 

23- 1. Surface grinding is the grinding of Hat 
surfaces In actual use the surface may be in a 
horizontal, vertical, or angular position. You 
can compare surface grinding to machining a 
flat surface on a shaper if you remember that a 
shaper uses a single-point cutting tool and a 
grinder uses a grinding wheel There are two 
tvpes of horizontal spindle surface grinders. In 
this section we will discuss tvpes of surface 



grinders, the action of the wheelhead and tufkb, 
and a typical surface grinding operation 

23-2. Horizontal spindle surface grinders 
arc designed for efficient production pf ac- 
curate flat surfaces where precision, fine finish, 
and rapid removal of stock are of equz}l im- 
portance. They may be divided into two classes 
according to table movement. On! the 
reciprocating table type you mount the work on 
a reciprocating table which passes the jvork 
back and forth under the wheel face. Wheel 
feed takes place at each end of the i able 
movement. Figure 97 illustrates surface grin- 
ding on a reciprocating table. On a rotating 
table type you mount the work on a circjular 
table which rotates the work under the wheel 
face, as shown in figure 98. The wheel moves in 




Figure 97. Reciprocating table. 

a horizontal plane across the wo rk^ from the 
outer to the inner circumference and back. 

23-3. Assume that you have a hardened steel 
parallel to grind to a specified size! You could 
perform this operation in the following man- 
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Figure 98 Rotating table 
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Figure 99 Surface grinder wheel dressing setup 

ner. Mount the proper wheel on the wheel 
flange assembly. Mount the wheel and wheel 
Prn^ assembly on the wheelhead spindle. 
~*£hten the spindle and flange nuts. Place 
guards over the wheel. Mount the diamond 
U.wser and holder, as shown in figure 99, on 
\thc magnetic chuck and turn the chuck switch 
V ";CN position. (NOTE; Tilt the diamond 
:.; ^hc direction of wheel rotation.) Position the 
wheel directly over the diamond. Start the 
v-Vet x rotating and bring the wheel down until 
. \ :s the diamond. Turn on the coolant 
dre^ and true th'e wheel by using the hand 
crnspfecd.xMove the wheelhead assembly away 
u iftc t\ble enough to allow safe and easy 
access to th£\chuck face. Position the magnetic 
u ,u -.'itch to the OFF position and remove 
10 ond arid holder from the chuck. 

23-4. Clean the* chuck .face thoroughly to 
.....y\j ail abrasive residue. Place the parallel 
t.v- cugnetic chuck and shim if necessary. 
Turn tne magnetic chuck switch to the ON 
position. Position the table trip dogs so that the 
. y. i\ Vill run off theXparallel at both ends. 
°«>s»i'on 'he wheelhead uip dogs so that the 
run off sides of\he parallel. Turn on 
.tu.;h>.ne. hydraulic system, and coolant 
. .nr. Ci^ck the power feed and the wheelhead 
n\ rb!e for wheel overrun\and make any 
\ adjustments. You could use the con- 
..cm: :> ./m" "oed for these settings. 1 Using the 
land fi^o* position the wheel directly over the 
« '•!!«;« .v*i oick up the cut while ths table is in 
: a ^i<i*>n the coolant nozzle to supply 
a- ^rft; "K.ii v-»iume ol coolant to the wheel and 
• ; oar.u » 



23- 5. Turn on the wheelhead powc f ^ 
rough grind the paralk-l. The Jmvnod 2vp.. 
of cut should no* exceed 0.002 inch, it' the 
wheel loads during rough grinding. :c|Kv< > 
dressing operation. Stop the table motion unu 
move the wheolhca; 1 assembly awa\* io alhv. 
safe access to th'e parallel. Tun: the 4 .*m 0 .**..»«- 
chuck switch to the OFF position and ramose 
the parallel. Clean the cl^uei. y\ a 
Replace the parallel in the same posi:i-. i c.i 
chuck with the ground side down. T\i.v 
magnetic clvick ON and rough :jrin<>:! : ^o:c n.. 
side. Turn on wheelhead power fceti -«no I. 
grind the side of the parallel. The down feed 
depth of cut for finish grinding should not ov 
cced 0.0|p5 inch. Dcburr the paraibl lo 
remove the rough edges and check J.\ *-r. 
sions for accuracy. 

24. Tool and Cutter Grinding 

24- 1. The working efficiency of a cutter >s 
largely determined by the keenncs of its cut- 
ting edges. Therefore, it ib important to'shnrpen 
a cutter at the first sign oi dullness, A dull cuv 
ter not only leaves a poorly finished surface, 
but continued use of such a cutter lea^/» ; t in ~ 
condition that will make u ncccssar. for you io 
grind away a large portion of the teeth to 
restore the cutting edge. When you maintain « 
cutter in good working condition by frequent 
sharpening, it will cut rapidly and effecfvtij at 
all times. When such a cutter docs need shar- 
pening, you will have to grind the teeth only a 
very small amount to insure keen cutting edges 
In this section we will discuss grinding «. itt^ii 
cylindrically, cutting tool clearance, grinding 
form cutters, grinding shell end mills, and 
helical milling cutters. 

24-2. Grinding Cutters Cylindrically. 
Various type* of cutting tools, such a* reamers, 
and milling cutters, are ground cylindrical 
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This is June to remove warpage from heat treat- 
mem, remove nicks, obtain a specific diameter* 
or to produce a finish *ind a slight clearance on 
the cutting edges, ot the teeth. When you grind 
tools cvlindrically. the work is rotated in the 
opposite direction from that ordinarily used in, 
cvlmdncal grinding. It a clearance is desirable 
on the cutting edges, the movement of the wheel 
and the work should be in the same direction at 
the area ot contact, as .shown in figure 100. 
Mount the cutter so thai the heel of the tooth 
crakes the wheel first. In thcor> this will cause 
a slight spring between the work and wheel, 
\vhich in turn will cause the heel of the tooth to 
be ground slightly lower than the cutting edge. 
The clearance will vary in amount, depending 
upon the rigidity of the cutting tool being 
ground and the work setup. The work can be 
held for the cylindrical grinding operation in 
three ways: between centers, on a mandrel, or 
on a stub arbor mounted in the headstock spin- 
dle. You should normally select a medium 
grain and a medium grade grinding wheel for 
the cylindrical grinding of hardenexi steel and 
high-speed steel cutters. 

24-3. After you have cylindrically ground 
cutters or reamers to restore concentricity, you 
may use either of two methods to sharpen the 
putting edges of the teeth and to provide 
clearance. These methods depend upon the 
rotation ot" the grinding wheel in relation'to the 
cutting edge/ Figure 101 illustrates two 
methods ot straight grinding wheel setup In 
method A. the rotation is from the body ot the 
tooth oft the cutting edge. The wheel rotation 
holdb the cutter on the tooth rest but will raise 
a burr on the cutting edge, which must be 
removed b\ stoning, This method has a ten- 
dency io draw Uie temper from the metal. In 
method I?, the wheel rotation is from the cut- 
ting edge toward the body of the tooth. In this 
method" there is less danger of burning the 
tooth, but \ou must exercise great care U) hold 
the cutter on the tooth rest. If the cutter turns 
while you are grinding it. the tooth will be 
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Figure i o i Cuiier sharpening positions 



Figure 102. Alinemcni of looth resi 
wan axis of cup wheel. 



ruined. Cup wheels,- as shown in figure 102, are 
also used extensively to grind cutters* and 
reamers. Cup wheels are used in a manner 
similar to that used with straight wheels, 

24-4, Cutting Tool Clearance. Correct 
clearance back of the cutting edge of any tool is 
essential. Insufficient clearance will cause the 
teeth to drag, resulting in frictioh and slow cut- 
ting. Too much clearance will result in chatter 
and in rapid dulling of the teeth. The cutting 
edge must have strength. The correct clearance 
will produce this strength. Figure 103 shows a 
typical cutter tooth and the various angles 
which are produced by grinding. A secondary 
clearance of 9° to 30°, depenoing upon the 
design of the cutter, produces a strong tooth 
and provides easy control of the width ot the 
cutting land. The width should be 1/32 inch to 
1/16 inch, depending upon fhe diameter of the 
cutting tool. When the cutting land becomes 
too wide from many sharpenings. you must 
grind secondary clearance to restore the land 
width to its correct dimension. The secondary 
clearance is produced by properly locating the 
wheel, cutter, and tooth rest. There are several 
setup methods, depending upon the type of 
wheel used, the shape of the wo*k, and the 
location of the tooth- rest. The wheel. may be 
either^ plain straight wheel or a cup wheel. 
Thfc work may be straight or tapered and miy 
have straight or helichl teeth. The tooth rest 
may be located ori either the wheelheau or on 
the table. The ends of the tooth rest will vary in 
shape for 'different cutters. When you use a 
straight wheel, the clearance angle depends 
upon the diameter of the wheel. When you use 
the cup wheel, the diameter of the cutter is the 
determining factor. To "determine the setting for 
a cutter, when you use the straight wheel 
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Material 


Clearance 
angle A 

(degrees). 


Clearance 
angle B 
(degrees) 


Width of :,6,vt 
(inches) 


Low carbon steel j co / 
High carbon steel and tool steel 3 to 5 
Steel castings 5 to 7 
Cast Iron A to 7 
Zizt brass ■ 10 to 12 
i. o^c bronze 10 to 12 
J tte. i bronze 6 to 7 
! Hrrd bronze A to 5 
I - ^pper | 12 to 15 
j Aluminum 1 10 to 12 


30 
30 
30 

30 < 

30 
30 
30 
30 
30 


Small cutters 
large eutt*:i.i . 


1 


A- PRIMARY CLSARAN'V' 




B-SECONDARY 



53.554 



Figure 103. Recommended clearance angles 



r multiply the clearance angle of the cut- 

in degrees times the wheel diameter in in- 
ches times the constant 0.0088. The constant 
C.U08S is derived by measurement of the 
r.ic;r-*<v» of 1° on-the circumference Jine of a I- 
/: ■ de. The result will be thie amount v in 
1,. .:;».:iths of an inch that you raise Qr lower 
j „£r and tooth rest to obtaih the proper 
*v" ' ance. When you use the cup wheel method, 
o -biain the setting by multiplying the 
ce ^ in degrees times t cutter 

iiuiiiet_i ill inches times the constant 0.0088. 

" T^e iooth rest is normally fastened to 
*} >. * »h » when you grind straight-toothed cut- 
" ; * you grind helical-toothed cutters 
. ,% ^..r,; u ^.. JM otnten, the tooth rest must 



be mounted on the wheelhead so tha' :1m wor 
will revolve and follow the angle of nelix on the 
teeth. You can calculate the distance to raise or 
lower the wheelherad or tooth rest by referring 
to machinists' publications, such as Machinery'* 
Handbook. whi:h normally have ih?*"< '« *» 
/which you can obtain the recommended 
clearance angles for most cutters. * 

24-6, Grinding From Cutlers. Formed or 
eccentrically relieved cutters, such '\s gear cut- 
ters and convo.- o< 'oncave caters carv* • " 
sharpened in the same manner as the picnic 
type cutters. Form cutters have a definite shap 
that must be retained through many shar- 
penings. To retain this shape, you grind the 
of the tooth. You grmc the lace »»■ Mk 
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wiih a radial rare. Excessive positive or 
negauve rake on formed- culler leeih will 
change their shape. Radial rake means that the 
faces^of the teeth are it\*r plane parsing through 
the axis of the cutter. You may sharpen form 
cutlers by using the infeed type of form cutter 
attachment. Before you can grind a\ cutter by 
the intced method you may have to grind the 
back ot the teeth so that the loolh width 
•remains the same for each of the teeUi. You 
could also mount the term culler on a mandrel 
or a stub arbor and grind the cutting edges by 
using the index method in a universal l\ead. 

24-7,. Grinding Shcd'End Mills, ShelK end 
mills ar 4 Asharpened by mounting the cutter on a 
stub arbor or shell end niill arbor and placing 
the arbor in the universal attachment in rjie 
same manner that ii is supported in the milling 
machine. Place a cup wheel, either straight or 
flaring cup, on the spindle and with an abrasive 
stick dress the cutting edge of the wheel. To 
prevent the end mill from dragging, the teeth 
are usually slightly tapered to the 'middle or 
center of the cutter. This is done by swiveling 
the universal head about 1/2° to 1°. In order to. 
° 'obtain the proper clearance angle on the teeth, 
swivel the head vertically to the proscribed 
clearance angle. The micrometer tooth rest is 
usually u>cd in this sharpening operation 
«j because it is easily set to the proper height. 
' 24-8, Grinding Helical Milling, Cutters. A 
helical milling cutter is ground by mounting the 
culler on the arbor or mandrel and'pladng it 
between the right- and left-hand footstock. 
Select and mount a cup wheel. Swivel it several 
degrees so that the back culling edge of the 
wheel docs not come in contact with the cutter 
being ground. Adjust the tooth rest to the 
proper height to aehieve/hje desired clearance 
angle. Thi,s selling may J>c calculated using ihe 
t > following formula: / 

Tooth rest selling « U UUX.s x ilcirunu: angle 

The culler clearance may be lound in machinist 
publications, such as Mtatwwry's Handbook 
24-9 The cutter should be held lightly 
agamsi the loolh rest, wuhjusl enough pressure 
to maintain contact. When vou use the down 
method, ihe grinding wheel aids in maintaining 
ihi^pressure. Care should be laken to maintain- 
contact with the tooth rest when you return the 
cutler to ihe starling point. If the cutter is not 
in contact with ihe tooth rest when it is retur- 
ned to the biarimg point, damage to the tooth 
vvill occur. The cutter may be traversecTacross 
the wheel tace by the movement of the table or 
by hiding on an arbor. The life of cutter teeth 
depends ^on keeping life peripheral cutting 



edges concentric Whc\> the teeth are out of 
round tlu resulting pounding action soon - 
breaks down ihe cutting edge* thus shortening 
the -life oTHtn: cutter. This condition is due 
largely to thcXvearing of the grinding wheel 
during the sharpening operation. The out-of- 
round condition, can be corrected by an 
equalling operation. The equalizing operation 
is simply grinding around the cutter and then 
rotating the cutter 180° and starting the second 
cut around the cutter on the tooth just opposite 
the first tooth. Light cuts should be used to aid 
in the reduction of wheel wear. This operation 
h repeated uniil the cutter has been completely 
sharpened, 

25, Grinding iMachftic Attachments 

25-1. Therci is a large assortment of at- 
tachments whifch arc designed to perform some 
operation in, conjunction with the basic * 
machine. When these attachments arc used for 
the jobs for which they are designed, they make 
ihe grinding operations much easier. We will 
d^cuss some of the more common attachments 
which may be used on most general purpose ^ 
grinding machines. 

25-2. Head.stock, Although the hcadstock is 
sometimes considered a part of the basic 
machine, ii is actually an attachment. The head- 
stock is normally used with the universal grin- 
ding machine; it provides a means of holding 
and driving a workpiece in relation to the cut- 
ling action of a grinding wheel. 

25-3. Work Head, The work head differs 
from the headsiock in that it normally has no . 
provision for pow^r. It is primarily a holding 
device on which a chuck, collet, or faceplate 
can be mounted lo hold work securely for grin- 
ding operations. It is especially adaptable for 
ihe sharpening of cutters, such as gear cutters, 
reamers, and end mills. 

25*4'.- Surface Grinding, You can use the - 
surface grinding attachment for grinding flat 
forming tools, laihc tools, flat thread chasers, 
chisels, and work of a similar nature. The at- 
tachment consists of a vise which you can 4 
swivel in iwo planes. By placing 'the regular 
work head support between the vise support 
and ihe base, you can adjust the attachment in 
ihree planes. Using this attachment makes it ^ 
possible io grind' almost any flat tool without ^ 
removipg it from the vise. Therefore, you can 
maintain greater accuracy between the ground 
surfaces. 

25-5. Gear Cutter, Since the cutters used to 
produce gear teeth are form cytters, they arc 
not sharpened or ground in ihe conventional 
manner. To properly sharpen a form cutter it 
must be ground on the face of ihe tooth. The. 
gear cutter attachment is designed to hold a 
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cutter on an arbor in such a manner that it 
produces a rotary or circular motion of the cut- 
ter teeth in relation to the grinding wheel. On 
most cutter grinders the grinding wheel runs in 
a plane perpendicular to the table. Therefore, 
most grinding is vertical. The gear cutter at- 
tachment provides a horizontal approach for 
the cutter to the grinding wheel. 

U'\ *»rnding Machine Maintenance 

It - i Maintenance is an extremely important 
* . . jf you: job as a machinist. It is un- 
fortunate, but true, that many machinists do not 
realize the importance of proper machine main- 
tenance. This is especially true of grinding 
machines. When you operate a precision 
mu'-hne. it will continue to produce precision 
v ork only as long as it is properly maintained. 
In (his section we will discuss (1) installation, 
(2) preventive maintenance, (3) adjustment of 
gibs and spindle bearings, and (4) 
troubleshooting of grinding machines. 

26-2. Installation. The installation of grin- 
ding machines doe^not usually require a 
special foundation. Arty substantial floor of 
•vcod or concrete that fe'flat and heavy enough 
to support the weight of the machine is satisfac- 
tory. You should never place a precision 
machine close to any other machinery that has a 
fendencv to vibrate — for example, a punch 
. „$— because outside vibration will usually 
result in a poor finish on the work surface. The 
grinding machine should be leveled when it is 
■•Mailed in the shop. Place an accurate 

omeier-type precision level on the table or 

in the ways in at least two directions. Also, 
Jheck the levelness of the machine periodically, 
since it will lose its levelness through constant 
operation. 

-SO. Iveventive Maintenance. Preventive 
iintenance costs far less than corrective main- 
tenance. The prevention of a costly breakdown 
; : ~ * ; *e easy if you will follow a few simple 
concerning cleanliness, lubrication, and 
corrosion control. 

26*4. Cleanliness. Dirt that is allQwed to ac- 
cumulate on a machine will invariably find its 
:'c he bearings, slides, and sensitive elec- 
- 1 ( "its and cause breakdown. Thorough 
; ;t regular intervals will practically. 

.Mate this hazard. 

„ c Lubrication. Proper lubrication will 
t.:. • ;nd ntoney. Refer to the recom- 

. ncution schedule and follow it. 

3 "finding machine fails because of in- 
.creation, it is too late to oil and 
. » - The same rule applies to coolant, 
- /iw. "incid or dirty, it is time 
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to cnangc it. Always keep an ad* quatt suj : . 
the reservoir. You should clean ana iei.. s 
coolant tank at regular intervals regard**!-.? w 
machine usage. 

26-6. Corrosion control. Grinding ir.a«hiiv;$ 
are especially susceptible to corrosion. v >is '~ 
because most of them use water-soluble types ut 
coolant. When water is left for a period , 
on a machine surface, it will cau&c r y. , 
should ke.ep all machine surfaces cLu« 
painted. Not only does a clean and p- vj 
• machine look bciur but ;;£ working 
prolonged, ' ^ 

26-7. Adjustment of Gibs and , Spindle 
Bearings. The adjustments that can btf nf»' ; .* 
the mechanical parts of a grinding imc k ""» p 
restricted almost entirely to the >ib . 
spindle bearings. 

26-8. Gibs. The various gibs on tn* \. 'cu> m 
machine should be checked and adi ustcd at 
regular intervals. Correct adjustment is rna:a 
when the slides move Snugly by hand. If you 
tighten <a gib too tight, the slide may become 
scored rt r galled. Loose gibs, on the other nana, 
will c _ie >ibration, as well as undue wear on 
the machine ways, and will re f ;;' s - 
machine's becoming^inaccurate. Tht vO.Tctt ad- 
justment to the gibs in the sliding member of 
the machine is necessary. Otherwise, th*; 
machine will not produce accurate work. 

26-9. Spindle bearings. Spindle nearrv * •* 
most grinding machines are of either the plain 
or the antifriction ball bearing type. The sur- 
faces of plain bearings are hardened, ground, 
and lapped. Some machines have bronze uO\w. 
which are provided with spring shoes that 
automatically compensate for wear. Others are 
equipped with setscrews by means of whijcn 
wear and end play may be eliminated. Extreme 
care should be taken in making any ad- 
justments. The bearings freeze easily .f th^ i. 
not correctly adjusted. On machines with an- 
tifriction bearings, the spindle is moiitr.cJ o,. 
preloaded precision bearings. T he end «hrvst is 
taken up in both directions by two pixiuaaed 
ball bearings. This type of bearing has sealed 
lubrication and dees not require adjusting or 
oiling. Grinding machines with plain soindle 
bearings require a special, shir V' v 
because of the close tolerances with whicl. cfte> 
a are built. Failure to use the recctnmd-.'-*^ \??n- 
dle oil in the wheelhead bearings w-ili even- 
tually result in shaft freezing. Excessive spindie 
oil is harmful to t:* • *a<,nin£ t Imcvj-c • * 
overflows, gets on tne drive belt, ana cuuico *i 
to slip. In turn, the slippage on the spindle 
drive pulley causes it to heat and to expand the 
spindle on its bearings. Because of the close fit. 
there is danger of viie spi .uu ^ »* 
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j * WORKBOOK 

* Advanced Machine Work 




This workbook places the materials you need where you need them while you 
arc studying. In it. you will find the Stu s dy Reference Guide, the Chapter Review 
Exercises and their answers, and the Volume Review Exercise. You can easily 
compare textual references with chapter^xercise items without flipping pages 
back and forth in your text. You will not\misplace any one of these essential 
study materials. You will have a single reference pamphlet in the proper sequence 
for learning. \ 

These devices in your workbook are autoinstructional aids. They take the 
place of the teacher who would be directing yoik progress if you were in a 
classroom. The workbook puts these self-teachers into one booklet. If you will 
follow the study plan given in "Your Key to Career^Oevelopment" which is 
in your course packet, you "will be leading yourself by easily learned steps to 
mastery of your text. x 

If you have any questions which you cannot answer by referring to "Your 
Key to Career Development" or your course material, use ECI Form NJ7, "Student 
Request for Assistance." identify yourself and your inquiry fully and Send it to 
ECI. 

Keep the rest of this workbook in your files. Do not return any other part 
of it to ECI. 
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STUDY REFERENCE GUIDE 



1. Use this Guide a\ a Study Aid, It emphasizes all important study areas of this volume. 

2. Use the Guide as sou complete the Volume Review Exercise and fur Review after Feedback on 
the Result*. After each item number on your VRE is a three digit number in parenthesis. That 
number ^rr^spond-s to the Gu.Je Number in this Studv Reference Guide which show* you where 
the answer to that VRE item can be found in the text. When answering the items in your 
VRE, refer to the areas in the text indicated b> these Guide Numbers. The VRE results will be 
^ent to vou on a postcard which will list the actual VRE items you missed. Go to your VRE 
booklet and locate the Guide Number for each item misused. List these Guide Numbers. Then go 
back to vour textbook and carefully review the areas covered by these Guide Numbers. Review 
the entire VRE again before you take the closed-book Course Examination. 

3. L se the Guide for Follow-up after you complete the Course Examination. The CE results will 
be sent to >oi- on a postcard, which wilj indicate "Satisfactory" or "Unsatisfactory" completion 
The card will list Guide Numbers relating to the questions missed. Locate these numbers in trie 
Guide and draw a line under the Guide Number, topic, and reference. Review these areas tjf 
insure your mastery of the course. 



Guide - 

Number Guide Numbers 200 through 212 

200 Introduction. Radial Drill Press, pages 1-3 

201 Drill Grinding. Drill Press Maintenance. 

pages 3 5 , 

202 Introduction; Special Lathe Operations; 
Radii and Form Turning, Taper Turning. 
Taper Turning With the Compound Rest, 
pages 6- 10 

303 Special Lathe Operation: Taper Turning by 
Offsetting the Tailstock, Taper Turning with 
Taper Attachments. Toolpost Grinder, pages 
10-15 

204 Special Lathe Operation; Parting, Spring 
Winding. Knurling, pages 15-21 

205 Lathe Attachments, Special Threading 
Operations; Lathe Maintenance, pages 
21-28 

206 Introduction, Special Milling Applications; 
Helical Milling: Single-Point Milling, pages 
29-33 



Guide 

Number \ 

207 Milling Machine Attachments; Gearing and \ 
Geai Cutting, pages 33-40 

208 Milling Machine Maintenance, pages 40-43 

209 Introduction: Flat and Angular Planing; 
Soulders, Corners, and Grooves; Irregular 
Shapes; Shaper Maintenance, pages 43-50 

210 Introduction; Angular Sawjng and Filing; 
Three-Dimensional, Stack, and Difficult 
Material Sawing; Contour Machine 
Attachments; Contour Machine 
Maintenance, pages 51-58 

21 1. Introduction; Cylindrical, Taper, Face, and 
\Form Grinding, pages 59-63 

212 Surface Grinding; Tool and Cutter Grinding; 
Grinding Machine Attachments; Grinding 
Machine Maintenance, pages 63-68 



CHAPTER REVIEW EXERCISES 



The following exercises arc study aids, Write your answers in pencil in the space provided a/tv :c-vh 
Immediately ajter complains each set of exercises, check your responses against the answers fi r im u. s 



not submit your answers to KCl for grading. 

CHAFIER 1 



Objectives. To show an understanding of radial drill press construction and operation; to sho-v a / 
knowledge ot drill grinding, and to show an understanding of drill press maintenance and h >s' it is do/w 

/ 

1. 'AL\ :s u easier to position the spindle over the work with a radia! than with a standard drill pros*. 
. (1*1) 



/ 

2. How can the arm of a radial drill press be moved? (1-1, 5) j 



3 Why is work manually mounted on parallels on a drill press? (1-8) . / 

4. How are the shanks of the drill held in the spindle? (2-3) 

5. What is the greatest problem in sharpening a drill? (2-6) 

6. What effeel will grinding the lip clearance of a drill too small and too large have on drilling? (2-7) 

» 

7. When is thinning the web of a drill desirable? (2-8) 

8. Why should a drill press be level and solid? (3-1) 
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CHAPTER 2 



ObttfwtivtN fo show an uruier^taiidinu of special lathe operations, how attachments are Used in lathe 
vperaitori* ,huI how <,peiu! tlueading operations arc performed. To show a knowledge of lathe operator 
mamtenanvv 1 

1 Whuti method of f rm turning would be most desirable to machine several duplicate pieces 0 (^4)' 



2, When vou use the compound rest for radius turning how/ the size of radius controlled? (4-7) 



3 What type of taper is generally found in tw/ist drills and in the spindle and tailstock of most lathes? 
(4.11)" 



4 What are the dimensions of a Number 8 Jarno taper, large diameter, small diameter, and length of 
taper" (4-15) 



5. List three me:hods of measuring taper. (4-1^) 



6 List tour methods of measuring the amount of offset. (4-26) 



Whkh method of machining tapers would be used when duplicate tapers are to be turned and length 
of rhe pieces vary? Win 0 (4-32) 



8. When you use a toolpost grinder, what enables you to use small diameter wheels for internal 
grinding- (4.39) 



9. What is likely to happen uhen grinding wheels are operated at a speed higher than the recommended 
speed? (440) 



10, Why do parting tools have flank relief? (447)" 
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II Where should the point at which the parting occurs be in relation to the chuck? (4-50) 

12, List two methods of measuring the length of the portion to be parted* (4-53) 

13 What type of spring wire can be substituted for steel when there is danger of corrosion 0 lV-56) 



14. In filing work in a lathe, how should the file be positioned'' (4-61) 

7 

15. How much sto<:k is usually left for filing in the laths? (4-63) \ 

' \ 

16. What is the recommended surface feet per minute for polishing? (4-65) 

17. For what reasons are parts knurled? (4-67) 



18. What purpose does the thread-chasing dial serve on a lathe? (5-3) 

19. Why is the center rest equipped with an overarm? (5-4) 

20. For what is the cathead used? (5-6) 

\ 

21. For what reason are square threads being replaced by Acme threads? (6-2) 

22. How is the compound rest set when you machine square threads? (6-5) 

23. How is the compound rest set for finishing Acme threads? (6-8) \ 
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24. What is the inference between the threading tool used to machine single-lead threads and the 
threading tool ased to machine multiple-lead threads? (6-11) 



25. Using a lathe with a lead screw constant of 6, what are the number of teeth in the driving gear and 
in the- driven gear for cutting a 3 mm lead? (6-17) 



26. In lathe maintenance what should be periodically checked to insure good operation? (7-1) 



!7. How are apron feed clutches adjusted? (7-5) 



CHAPTER 3 



Objectives To show a knowledge of special milling applications. To exhibit an understanding of helical 
nulling, to show a knowledge of single point milling, to evaluate a milling machine requirement and 
select the proper attachment, to show a knowledge of gearing and gear cutting; and to show how to 
perform milling machine maintenance. 

1. When is it economical to use gang milling? (8-3) 



2. How is it possible to perform slotting on a milling machine? (8-4) 



3. What type of index plate is best suited for milling a 12- point socket? (8-5) 



4. List four methods of performing angular planing. (8-6, 7) 



5. What type of cutter is usually used to mill a cylindrical cam groove and how is the cutter mounted? 
(8-9) 



6. Using the formula 

360° 

Lead of segment = . ■ . ; — ? — * "*e * n segment 

b included angle of segment 

what is the lead of a segment if it has a rise of 0.750 inch in 60°? (8-11) 
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7. What kmd of work does helical milling include? (9*2) 



8. Compare the lead of a thread and the lead of a helix. (9 2) 



0, Define the lead of a helix. 



10. When is n more economical to make a fly cutter than to buy a form cutter m single-poini milling 
(10-1) 



11. What type of cutting tool is usually usud for boring on a milling machine? (10-3) 



12. What determines the cutting speed of the attachment spindle of the hi^i-speed universal attachment'. 
Ui-2) 



13 Compare the feed control of small and large circular milling attachments. (11-3) 

14. What are raising blocks and how are they used? (11-6) 

15, For what type of milling oper^ion is a toolniakefs knee used? (1 3*7) 
U, Why do helical gears run more quietly than spur gears? (12-2) 

17. How do helical gears differ from spur gears? (12-4) 

18. How are helical gears cut on a milling machine? (12-6) 

19. What is the circular pitch of a helical gear? (12-8) 
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20. What is the nutet common angle between shafts on which bevel gears are mounted? (12-12) 

\ 

21 Why is the plan dimension, provided by the manufacture, useful^ in installing a milling machine 0 



22. Wliy is correct milling machine gib adjustment important 0 (134) 



23. How is spmdle end play adjusted? (13-5) / 

24. What is tfic danger of adjusting the driving clutch too tight? (13-7) 

> \ 

25. How should oil tubes and channels clogged with dirt and oil be cleaned' (13-11) 

« \ 

\ 

CHAPTER 4 

Objectives To demonstrate a working knowledge of flat and angular planing, to show an understanding of 
the technique** and procedures for shaping shoulders, corners, and grooves, to show a knowledge of the 
techniques and procedures for shaping irregular shapes, and to demonstrate a working knowledge of 
shaper operator maintenance. 

1. How are flat surfaces machined on the shaper? (14-2) 

/ 

2. How should the clapper dox be positioned? (14-6) 

3. How is the toolside alined when great accuracy is required? (14-9) 

4. List the four methods of planing angular surfaces. (i4- 10) 

5. What is the most accurate method of alining the toolslide on a shaper for cutting an angle 0 (14-13) 
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«v What Kpr ol outing' UhiI is ground lor machining between shoulder? (15-2) 



\ Why is it >W piadiUil to cut deep grooves parallel witlf vise jaws? (15-7) 



s When ^uung ke>wayj> on J shaper. why is the centerline extended thiough the axis of Uio \.otf;' 



t low are lanae irrcgul; 
( IoO) 



shapes, that would be impractical to machine with a form took produced* 



10. To what must particular attention be given in installing a shaper? "(17-2) 



It. To what degree of accuracy is the shaper leveled'' (17-5) 



12, How much clearance should the gibs of a shaper have? (17-7) 



CHAPTER 5 

Objectives. To demonstrate a working knowledge of the techniques of angular sawing and filing, to she v 
an understanding of three-dimensional, stack, and difficult materials sawing: to show a knowledge of how' 
to use contour machine attachments, and to show an understanding of contour machine operator 
maintenance. 

I. How many degrees and in what directions may the table of the contour machine be il tea > ^13-1 1 



2. For what is the lower set of floles in the keeper block used? (13-1) 

5 V/l:it i? the most important factor in the sawing of a three-dimensional object? 

4. What are the two most common difficult-to-machine metals? (l°-3) , 



v /5 

5/ What keeps the saw band from getting too hot the friction sawing operation? (194) 



6. What makes titanium a difficult material to machirte? (19.5) 



7. What is stack sawing? (19-3) 

8, When would you use a magnifying attachment? (20-2) 

K \ For what reason are angular saw guides used? (20-3) 
* 

10. List the three operations which can be performed by the all-purpose inhering attachment? (20-6) 
* IK What limits the diameter of a circle that <:an be cut with the disc-cutting attachment? (20-7) 

12. How should the contour ni&chine be installed with regard to lighting? (21-2) 

13. Where may information about the lubrication of the contour machine be found? (21-3) 

CHAPTER 6 

Objectives. To demonstrate a knowledge of cylindrical, taper, face, and form grinding; to show an under- 
standing of surface grinding operations, to exhibit ^knowledge of tool and cutter grinding; to demonstrate , 
a knowledge of grinding .machine attachments; andjto show an understanding of grinding machine 
maintenance, i 

! s 

1. For what reasons are various parts cylindrically ground? (22-2) ^ 

I ' 
* i 

2. Why do the wheel and the work revolve in opposite directions? (22-3) % 
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.V Why nuiit the center hole be lapped before grinding work between centers' (22-D 

i 

* 4 In grinuing a conical tape*, if the wheel is positioned above or below the center ol <nc *>wt 

^ will be the results? CMS) * 

5. Whui a:T the iwo most common methods of checking tapers lor accuracy'.' (22-17) 

tv List the three methods of face grinding (22-18) 

7 Winch of the three methods, of lace grinding is least efficient? Why. 1 (22-20) 



8, What type of grinder would be used to produce accurate flat surfaces when fine finish and rapid 
removal of stock are equally important? (23-2) 



9, When you are cylindrical^ grinding milling cutters, why are the grinding wheel and the vork rotaieu 

in the same direction at the area of contact? (24-2) * / 

' \ 

\ 

10. After sharpening a cutter, it is discovered that the heel of the teeth is dragging. What would cause 
ihis? (244) * , o 



II. When is the tooth rest normal'y fastened Co the tab!c?<^4-5) 



12. What would' be the result if a formed milling cutter was sharpened with excessive negative or 
positive rake? (24-6) 



13. What attachment is* needed to sharpen the cutting teeth of a ihe'.l end niiil? (2*-') 
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14. What grinding machine anachmcnt would be necessary for grinding the end of an end 
mill' (25-3) 



5. Wh-i always be avoi.'rd in installing a grinding machine.' (26-2) 



lt> When »> <.ouec*. gib adi« .tmenf achieved? (26-8) 



t 
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ANSWERS FOR CHAPTER REVIEW EXERC55ES / 
CHAPTER 1 



I(e0 



I. Because the head of a radial drill press* is mounted on an arm instead of %A the column o* 
machine. This permits you to swing the head to the right or left or to mfe it along the a: 
il b iK'SS^hlc to position the spindle over the work. / 



/ 
/ 

/ 



!t can be raised or io.vered or moved 360* around the column. } 

. / 

1o oievent drilling holes in the vise./ / 



4. In a chuck; coin, or duectly in the spindle. 

5. Grinding the correct lip clearance.^ 

6. If the hp clearance n> too small, the drill may break. If it is too large, the cutting ecies oi ire drill 
will ij)e chipped. ■ j 

7 AfterJ it has been sharpened several times to improve its cutting efficiency. 

j j 
8. Drilling will not be accurate ilj the drill press is not level and solid. f 

j ' 

j 

CHAPTER 2 

1. The forming tool melhod wolild be most desirable to machine several duplicate pieces. 

2. By feeding the tool in or outlon the compound slide. 



3. Mo.se. 



4. 1 inch large diameter, .8 inch si^ail diameter, and 4 inches in length. 

5. (I) Protractor, (2) tapered ring g^gc, and (3) scribing equally spaced lines and measuring with a 



micrometer. 



6. (I) Wjth an inside caliper, (2) with\the dial test indicator, (3) by using the crossfeed catibr^;cd 
cottar, and (4) by using the cut and\try method. j 

7. The taper attachment. Because the length of the work has no bearing on the taper attaenment. 

8 Taper iiiafts which are known as quills^ 

• \ 

9. The;e ii a good chance that the vhcel ^ill explode or break. 

10. So that the point of the tool is the widest point. This prevents the tool from binding. 

J!, cio- ?c:..blc :o the chuck jaws. \ 

- • r - « J ,!... e-d of the steel rule against L side of the parting tool and move the carrc : e i-H ' 
:>c ^iAi kkh to obtained. (2) .Aline parting tool to scribed line. 

\ • 
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13. Phosphorus bron/c wire. 

l\ Ai an angle of approximately HV oward the lailstock. 
15.* 0.002 inch n> U.UU5 inch, 

lei. 50U0 SFM. 

17. To ioim a gripping »urljcc and lor decoration. 

\b, To aid in the cutting ot threads which are not a multiple of the lead screw pitch. 

I c > To allow the easy removal and replacement of the work. 

2U To provide a bearing surface for the center rcsi jaw on work of an irregular dupe. 

21 Because of the difficult) encountered in the machining square threads 

22 Parallel to the xxis of the machine. 

23 Parallel to the ways of the machine. 
24. Greater >ide clearance is necessary. 



25 4 



= 6 * 



25.4 



6X3 
25.4 



IS 



25.4 



90 
127 



26, Levelness. spindle bearing, clutches, gibs, erosslecd, lead screw, gearing, and lubrication. 

27. A thrust screw is turned clockwise until the clutch lever snaps in and out of engagement. 



CHAPTI-R 3 

1. When several identical parts must be machined on a milling machine. 

2. B> using an attachment. 

3. A direct index plate. 

4. By using angular milling cutlers, by tilting the veitical head and using an end mill or a shell milling 
cutter, by using a toolmakcr » knee, and by using angular parallels. 

5. An end mill mounted in a vertical milling attachment. 

6. 4.5 inches. 

7 The nulling of helical tooth milling cutters, helical reamers, twist drills, helical gears, and some types 

Of C3lto. 
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« The lead of a th-cad is usually short in proportion to its diameter and length, * ... i»v ,= .- - 
helix mi«y he long in proportion to its diameter and length. 

o. It is the distance the helix advance* in one complete turn around the work. 

10. When a verv limited number of cutting and boring operations are necessary, 

i:. ? Ay -'J'w 

12. ra.u between the nulling maclune spindle and the attachment .pindlc 

I J The snr.ll attachment has only hand reed. The large jat.achr,.-, k« both *oi «l po*r- u.d. 

,4. They are heavy duty parallels winch usually come in] matched pairs. They are mounted on the table 
and the .ndex head is mounted on them. 

15. Angular milling. 

!&. Because several, rather than two, teeth make contact simultaneously. 

,7 The teeth of helical gears are inclined at an angle to the axis o. the gear. The teed, of a spur gear 

are parallel with the axis J" the gear. 
18. By using an index head which is gc-red to the swivel table and feed screw. 

|0. The distance from a point on one tooth to a corresponding point on an adjacent tooth tt»»J 
along the pitch circle. 

20. 90". 

The plan dimension gives the length, width, and height of the machine Additional 

prided so that the longitudinal table movement does not intertere w.th the 'operation o. other 

machines. 

22. If the gibs are tio tight, the slides may become scored. If they are too loose, chatter and vibration 
will occur. 

2;. By loosenmg the locking set screw or nut and tightening the thrust nut Just tax* to M-.ua &• 
slack 

,4. The starting lever will place strain on the clutch fingers and may cause them to break. 
25 They should be removed by flushing the tubes and channels w.th a flushing oil. 



CHAPTER 4 

1 Ry feeding the work below the ram or by feeding the tool rast *e *o;k «i? ndn uu 
2. It ahovld be tilted opposite the direction of the c»t. 
; 3> -.s-.-ig 'ne dial :est indicator 

loo 



4. (1) Swivelmg the vise» (2) \wivcling the toolhcad. (3) swivchng or tilting the table, and (4) 
.idinstahlc angle plate or fix tun* 

5 I mi- ,i sine bai riiul a dial lest rndiuloi 
/>. Roundnose, 

7. The piessure of the vise um cause the groove to close and bind the cutting tool, 

x The extended centerlme helps to line up the work and the cutting tool. 

°. By moving the work and the cutting tool simultaneously, 

10 The amount of room u round the shaper. 

1 1 001 inch per loot 

12 .002 inch between bearing surfaces. 

» 

CHAPTER 5 

1. horward and backward 10\ to the left 10\ and to the right 45*. 

2. When angles of more than 20* are sawed, the lower set of holes must be used. 

3. The layout prior to the actual cutting. 

4. Nickel-alloyed stainless steel and titanium alloys. 

5. The velocity of the saw band creates an air-cooling effect, 

6 Titanium is a poor conductor of heat and tends to overheat the cutting tool. 

7. Stack sawing is the sawing of several pieces of sheet material of the same shape in one operation. 
■S. When >ou are doing precision sawing and filing to close tolerances. 
To lllow work to be sawed that would normally be too long. 

10. Ripping, cutting ot\ and mitcring. 

11. The length of the cylindrical bar or the throat depth of the machine. 

12. The light should strike the table of the machine over the right shoulder of the operator when he is 
in the position for sawing and over the left shoulder when he is in position for filing and polishing. 

13. Lubrication chart. 



* 
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CHAPTER 6 



1. To remove warpage. reduce work to exact size, and to improve the fim>h. 

2. To produce a shearing-type of cutting action between the wheel and the *'?»rk. 

3. To insure precise limits for roundness, straightness, and conccntncirv and to .nc:;a>e iV, 
work centers. 

4. The taoer will be different from that which the table setting indicates. 

5. A micrometer or a taper ring gage or plug gage. 

6. Angular wheel, cup wheel, and straight wheel methods. 

7. The straight wheel method. The jrea of contact is too large. 

8. A horizontal spindle surface grinder. 

9. To produce a slight amount of clearance. 

. 10. Insufficient clearance would probably be the biggest factor. 

11. To sharpen straight-toothed cutters. 

12. It would change the form of the cutter. 

13. Universal work head. 

14. A work head. 

15. Placing it near machinery that may have a tendency to vibrate. 

16. When the slides move snugly by hand. 




\ 
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1. MATCH ANSWER 2. U S E NUMBER 1 
SHEET TO THIS PENCIL. 
STOP- EXERCISE NUM- 

BER * 53150 02 23 



VOLUME REVIbW EXERCISE 

Carefull\ read the following: 
DO'S 

1. (heck the "course." "volume:' and "form" numbers from the answer sheet 
address tab against the 4 VRE answer sheet identification number" in the 
nghthand column of the dipping list If numbers do not match, take action 
to return the answer sheet and the >hipping list to ECl immediately with a 
note of explanation. 

2 Note that numerical sequence on answer sheet alternates across from column 
to column. 

Use only medium sharp #1 black lead pencil for marking answer sheet. 

4 C iclc the correct answer in this test booklet. After you are Mire of your 
answers, transfer them to the answer sheet. If you have to change an answer 
on the answer sheet, be sure that the erasure is complete. Use a clean eraser. 
But try to avoid any erasure on the answer sheet if at all possible. 

5, Take action to return entire answer sheet to ECl. 
6 Keep Volume Review Exercise booklet for review and reference. 
7. If mandatorily enrolled -tudent. process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECl on ECl 
Form 17. 

don:ts- 

I. Don't use answer sheets other than one furnished specifically for each review 
exercise. 

2 Don t mark on the answer sheet except to fill in marking blocks. Double 
jjiarks or excessive markings which overflow marking blocks will register as 
errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than with a #1 black lead pencil. 

\()TE' TEXT PAGE REFERENCES ARE USED ON THE VOLUME 
REVIEW EXERCISE. In parenthesis after each item number on the VRE 
is the Text Page Number where the answer to that item can be located. 
When answering the items on the VRE. refer to the Text Pages indicated 
by these Numbers. The VRE results will be sent to you on a postcard 
which will list the actual VRE turns you missed Go to the VRE booklet 
and locate the Text Page Numbers for the items missed. Go to the text and 
carefully review the area* covered by these references. Review the entire 
VRE again before you take the closed-book Course Examination. 
» 

17 . 
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«„, v Multiple Choice 

Chapter 1 f 

1. (002) Wind, of the four main pans of the radial drill press is the most useful t>r lar^c \. , v' 

a. Ann. c. Base. 

b. HcjJ. d. Column. 

2. (v\)2i Of tSu v/orkhold.ng device: listed below, which is the mjsi commonly »:seu? 

V-bI»vks c. Clamps, 

b. Vises. d. Straps. 

3. (003) Drills larger than ft inch are usually made with which type of shank? 

a. Straight shank. c. Flatted shank, 

b, Taper shank. d. Combination straight and taper shank. 

4. (004) The cutting edge angle (included angle) used for general purpose drilling carbon and alloy 
stec!> is < y . 

a. 39\ • ' c. 118 . 

b. 62 1 //. a ' - d. 125'. 

5. (005) Information about the type, viscosity, and amount of oil to use when you need to luhricau 
the drill press should be obtained from 

a. TOs. c. MIL standards, 

b. the Machinery's Handbook. d. the manufacturer's specifications. 



Chapter 2 

6. (006) The most practical method of machining several small pieces of the same "shape and i.zt i 

Kit c 

a. forming tool. c. hand nianLuhtion. 

b. raduis rod. d. template and poin.er. 

7. (006) When you use the radius rod for form turning, the length of the rod should be equal to 

2. one- fourth the radius to be turned. c. the same as the radius to be darned, 

b. or»-hdf the radii;: >o te turnec. d. twice 'he fa£«3 o '::r^ 

3. ^CC'-CC8) $h.Ji of :he following tapers would you be rr,c:; liut<y tc find in j*3 / .» 

a. Mosre taper. c. Brown :r.d L'hsra ^ k jo:. 

,"sf/o :uv< r. * ■ i. Arur\ % ^; r..;. 
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"9. (009) Which of the methods would be best to use for machining a short steep taper? 

v 

a A taper attachment. c. An offset tailstock. 

^ b. The compound .est. d. An offset taUstock and taper attachment. 

,0. (00-). You are given a ,ob that requires you to make a shaft With a tapered section. You are { ,vcn 
,1k large dumefer ol ?.250 m.hes. the small diamctc^r of 1.000 inch, and the length of taper . f 3 

inches. What is the taper per inch if TPI = — fj^f f ? 

a. 0.6066 inch. c - °' 4166 inch / 

b. 0.5666 inch. d - °- 3666 ,nch - 

11. (013) It is more des.rable to machine a taper with the taper attachment than with offset method 
because 

a. the cutting tool does not have to be on center. 

b. the attachment can be set up more easily. 

c. duplicate parts can be turned with varying lengths without any effect on the taper. 

d. with the taper attachment method of taper turning there is no lost motion. 

p (013-014) You are to machine a number 2 Morse .taper, having a taper per inch of 0.04995 with 
"' a taper attachment. Before the taper attachment can be set, the TPI must be converted to a taper 
per foot. Using the formula TPF = TPI X 12, what would the taper per foot of a number - 
Morse taper be? 

a. 0.4668. c - °- 6998 ' 

b. 0.5994. - d - °- 7408 - 

13. (015) The surface feet per minute of a toolpost grinding wheel is controled by the 

a. drive and wheel pulleys. <=. belts on the grinder. 

b. types of grinding wheels. d. rpm of the work. 

14. (017) What procedure should be used to part large diameter work when there is danger of tool 
binding? 

a. Use increased amounts of coolant. 

b. Decrease the speed. 

c. Use the step-parting method. 

d. Increase the feed. 

15. (018) You may use phosphorus bronze wire rather than music wire to manufacture a spring when 

a. steel wire would corrode rapidly. 

b. it is used near high temperatures. ° 

c. more strength is needed. 

d. the cost of material is an important factor. 
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i . > . ■ j : - -p.-.U rir,i; gearbox in vm^ng i > ' 

i . w .liJ. iht v.rc diameter, c. twice the wire diameter. ^ 

> u.an>tic. of ihc -we * desi ^ d *P™"* uUwon , 

; (vU n "MM In mi v**»i\ mi.. j laiiitv die Jlfl-tip shouii puuu «i- 

U. (01 1 >) The amount of stock that is normally left for filing is 

, C-<vr r h \« Q<*1 in c. 0.010 inch to 0,013 inch, 

> ^ Joh io inch. d. 0.015 inch to 0.020 inch. 

\v |GI M ; punv: fW fvrpw of ocMshing is to 

a. reduce the dimensions of the work, 
o. improve ?he finish of the work. 

c. aid in accurately fitting mating parts. 

d. remove high spots from the work. 

20. (0b)) The purpose of moving the abrasive cloth slowly back and forth along the work in polishing 
is to prevent the 

a abrasive cloth from gouging the work. 

b. generation of excessive heat. ' 

c. removal of too much metal. 

d. function of polishing rings on the work surface. 

2K 1 0-0) At what speed should knurling be done? 

n. Half 'he finish turning speed. 

t>. The same as the rough turning speed. 

c, T he highest speed that shifting the spindle into reverse permits. 
i. fne mgi e;i speed that shifting the feed into reverse permits. 

Gin y*\V. i f -*;c p'-H^se of the center rest when equipped with an overarm? . 

a, :.iake v.itical adjustment of the work easier. 

h nuance between the jaw and work is more closely controlled. 

• i ;,^\ c < r (im»!CNo Pieces to be removed and replaced without jaw repdiu,:irent. 
■i u ^n^nsate* ur :'ignt ;ru*ulwuies on the surface of the work. 

X 1 

rOV- sesame u-achnwnt thai would be most useful in the limited production of parts is the 

* ■» o*d-^a<inc dial c - cathead. 

. ^ci " d. turret attachment. 

~ v ,2;uer ivbi. 
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24. (022) When the follower est is *sct up, you mount it on the 

a. cathead. c. carriage. 5 

b. lathe ways, d. compound rest. 

25. (022 023) A lathe attachment that is used to accurately space grooves or turn work to a shoulder 
is the 

a. follower rest! c. micrometer carriage stop. 

b. thread-chasm^ dial. d. micrometer cross-slide stop. 

i / 

26. (023) One, of the principal uses of square threads is for 



a. jaekscrews. - } c. vise screws. 

b. water valve steins. d. clamp screws. 

27. (024) What type of thread will permit compensation for wear by seating split nuts deeper in the 
thread groove? 

a. Buttress. c. Pipe. 

b. Straight. c d. Acme. 

28. (025) Which of the methods listed below would be most desirable in machining a 60* multiple 
thread 0 

a. Setting compound parallel to the ways. 

b. Using a multiple drive plate. 

c. Thread'Chasing dial. 

d. Using the stud and box gear breakup. * , 

29. (027) You are to cut a 3-milhmeter lead thread on a bolt using # an American-made lathe with a 
lead screw having 6 threads per inch. ITyou use the following formula, number teeth on driving 

and driven gear = — ~ — , what will be the number of teeth on the driving gear and on ihe 
25.4 • ' 



driven gear to obtain a 3-millimeter lead? 

a. Driving 100; driven 127. c. Driving 80; driven 127. 

, b. Driving 90: driven 127. d. Driving 70; driven 127. 

30. (028) Headstock spindle bearings on the lathe should be adjusted only when 

a. lubricating oil is changed in the headstock. 

b. the bearings are to be repacked. 

c. the lathe has had 6 months of operating time. 

d. it is evident that the trouble is in the bearings. 
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31 (02M A h*M Ju/c spindle clutch is adjusted properly when the Jukh 

adjusting oolluf ;> u^Uicned securely, 
b lever snap* in and «>ui c^f engagement, 

c, will .slip under heavy loads * * 

d. collar pin slips into place. 

32. (028) Proper adjustment of lathe end gearing is made when 

a. the gears are tightly meshed. 

b. tfw teeth barely contact each other. 

c a clattering, no^c is heard at I gh speed, 
d. smooth action vs obtained. 



Chapter 3 

33. (029) The milling machine operation which is best adapted for milling several grooves in the end f>f 
a square bar is 

a. straddle milling. , c. gang milling. 

b. slotting. d - form nulling. 

\ 

34. (029-030) When you machine an internal hexagon on the milling machine, the slotting tcol should 
be ground to a width equal to 

^ a. one-half the distance across the flats. 
v b. one-half the length of one side. 
\ c. one-fourth the distance across the flats, 
d. the length of one side of the hexagon. 

.35. (030) Which of the following methods of manufacturing a cam is preferred when a huh degree of 
\ accuracy is required? 

a. Machine the cam on a milling machine. 

b. Grind the cam on a grinding machine. 

* c. Saw me cam on a contour machine. » 
1 d. Machine the cam on a shaper. 

36. (030) You are to m^hine a changing r.se cam on a milling machine. Using the fo;rnMia bad of 

segment = — \ x rise in segment, what would be the lead of a segment 

included angle of segment \ 

having s rise 0.;O0 i.scr. In 80*7 , 

a 1.S00. > c. 2.250. / 

b. i.YSa. • 4 2.500. 
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(031) T!« tSiitor.v T.e he:b: ^l^ni^s in ^ne complete turn arouna »iic vc:.., measured r>?ra Scl :•• 
the axr: of 'ft: ^or:., »a .»r»o.vn 
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38. (032) Which of tho following operations is considered to be the most versatile* 

x I'Un ...Hmp ; «■ Fa « mm *- ,„. 

b. Angul r milling. , 1 <»• Single-point nulling. 

4 

V) (032 0i>) An advantage of performing boring operations on a milling machine is that the 



/ 



a. boring tool and holder can he supported rigidly. 

b. calibrated' teed screws may be used to locate holes accurately 
^ work wan he held in a vertical position, j ( 1 

d. eiittini! speeds and feeds can be faster. . . / 

I / * i 

40. (033) Which of the following milfing attachments would be used to increase the range oT the inoex 

head to null larger work'' ] 

a A rack ' c - A toolmaker's knee. , 

b A raising block. j «• A right-angle plate. 

41 (03"i The greatcst^udvantage of helical gears over spur gears is that helical gears 

* * i 

a wear longer* . * 

b. operate more quietlx. | 

c can be mounted on shafts that are parallel. 

d. operate more smoothly and have greater stjength. 

4- (035 03<>) In manufacturing an assembly containing gears, you find that the elimination of end 
thrust is ver> important. What type of gear would best serve that purpose? . 

a Herringbone gears. «?■ Bevel S earS - . 

b. Helical gears. i d. Spur gears. 

43. (03~-039) The pitch cone angle of a miter g<jar is 



a 180'. 



c. 45'. 



b. 00*. ; d - 35 '- 



44. (03 -7 - 03 l >) Using the formula D = what |s the pitch diameter of a bevel gear having 15 teeth 
a diametral pitch of 4. and a pitch cone, angle of 45'? 

a. 2.121 inches. ' c. 3 - 000 inches - 

b. 2.667 inches. I d- 3 - 750 inches - 

45. (041) Excessive end play in the spindle of a milling machine would indicate that the 

< 

a. draw bolt needs tightening. ! 

b. spindle bearing needs adjusting. ' \ 

c. arbor support bearing is loose, 

d. arbor is not seated properly. 

46. (041) The drive clutch on a nulling machine should be adjusted or parts replaced when the 

« > * ' ° 

a driving ci .ch .Hps under normal load. , c. cutter chatters during the cut. 

b. machine has been used for 6 months. | d. starting lever will not stay engaged. ^ % 
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-P. J<VU 042) I \v<j»,i\c >.,uKia:li in tiie nui.ir.ii nuclune table aaa citMiiciu .>cl.-. n...< .... ."i 
by 

i 

a. uviueinng the calibrated dun. 
/ b cleaning and rootling iiv" *:rew 

c. tightening the adjusting collar nut and the thrust nut. 
\L the teed ^:ow. 



Chapter 4 

48. (043 U44) I he sequence for machining the sides of a parallel, exclusive of the ends, h to make the 

a. r«un£i cut tor »JI sides, md then th* finish cuts. 

b. iougn*and linUh cuts for the top and bottom, and then for 'he adjacent stdoi. 

c. rough and finish cuts on one side, its adjacent sides, and tjien the oppose Side. 

d. rough and finish cuts on the adjacent sides in succession. 

4^ (045) "The method ot machining angular surfaces in which hand feed is always used is swivoUrie tit: 

a. vise. ~ c. table. 

b. toolhead. ' d. adjustable angle plate. 

50. (045) When you are to machine a quantity of identical angular surfaces, which of the following 
would you be most likely to use? 

a. vise. c - A fixture. 

b. The table. * d. The tbolhead. 

51. (0^6) When you use a roundnose tool to machine between shoulders and the toolholder is set 

i? : wiuopci cox^snould be positioned 

a. centrally. c. to the right. 

b. to tiie left. d- way from the surface eemg machined, 

52. ^ " ^ M'«iJcii; \- \ V-block :$\n% ±; *ci»\>c>\ v/ai: . * *v:l stiou:- you 
uie to tSnun ihe aoguur aides ot \uz V-block? 

t. \ ;!:•:; Ut! \ny for^i?/' tool 

b A r vunti* »v J- A «!c-r*aiSK.r.3 v 

53 (04?* The »yoe of toolholder nom-ally used to machine interna! <cey*vw is th^ 

c. »ieiuu\i <^i\:cii:f, d. unWersu tciiiiC!u*r. 

f! H";^v jf ve h» 4 !^wini mc»hods requires the ^re-Ue.t de?r:j ' i - " * : - * 

a. Hand manipulation, c. Fornuouung tool. 
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55, (040) With reference to a $haper, winch statement listed below is correct'' 

a. \ newly imfjlted slupjr u ready for immediate use as neither cleaning nor lubrication is required. 

b. A diaper is ijitiirv >hifr?ed in prope^ numbered boxes ready tor easy assembling. 

c. A shaper can be installed anywhere as no particular consideration to floor space is needed. 

d. Before operating a newly installed shaper, the preservative protecting it from rust and corrosion 
mtist be removed, ' 

56. (050) All of the following are possible causes of trouble likely, to result in damage to the shaper 

except,. % 

a. lack of lubrication. 

b. woik securely clamped to the table. 

c. incorrect speed. 

d. toolholder loose in the tooipost. 

/ 



Chapter 5 

5^ 1051) With referenc to a contour machine, it would be necessary to mount the lower saw guide in 
the lower set of ho »s when you are tawing angles of more than 

a. 10*, c 30'. 

. b. 20*. <r d. 40*. 

58. (051 -052) Alter laying out the work for three-dimensional sawing", the next step is to 

a. plan the sequence of cuts for adequate support for each cut. 

b. drill a hole at a corner of the work. 

c. make a partial cut to one corner of the work. 

d. saw the longest surface first to insure leverage. 

5^. (052) Titanium is more difficult to saw than stainless steel because titanium is 

a. more elastic. c. a better conductor of heat. 

b. a very hard metal. d. a poor conductor of heat. 

60. (052-053) A condition necessary in order to insure accurate stack sawing is ^ 

. slower sawing speed than for a solid object. 
o, a layout line scribed on each piece. 

c. work pieces securely fastened together 

d. work pieces identical in shape. 

61/ (054) Which of the following contour machine attachments should be used to aid in the sawing 
operation when great accuracy is required? 

a. The magnifying attachment. c. The mitering attachment. 

b. The np fence. d. The all-purpose mitering attachment. 



25 



ERLC 



170 




\ 

'62 (054 055) Which of the following is not considered a pait of the disc catting attachment' 1 

a. A cylindrical bar. c. A centering pin. 
h. An adjustable sliding arm. d. A gage rod. 

(M (056 057) Ciond lighting conditions are particular^ important \vhen you are locating a contour 
machine in the machine *hop because \ 

j« the operator stands in a different position for sowing than foi\ filing and polishing. 

b. operating a contour machine is more dangerous* than operating ^other machine tools. 

c. the operator must use his hands to feed the woik to the saw band. 

d. mure hand manipulation is required iji contour machining operations. 

64. (057) Use a lubrication chart to insure that all parts of the contour machine will be lubricated as 
recommended by the 

a. supervisor. c*. manufacturer. 

b. maintenance shop. d. section foreman. s 

65. (057 058) The amcuive action to take for drive motor V-belt slippage on a contour machine is to 

a. replace the V-belt. 

b. reposition the drive motor on its mounting base. 

c. tighten the ntit on the base of the equalizer spring. 

d. increase the amount of motor dead weight on the drive belt. \ 



Chapter 6 

66. (059) The work and the wheel are rotated in Opposite directions in ,order to 

a, eliminate chatter. 

b. avoid climbing by the grinding wheel. 
'C retard wheel wear. 

d. provide a shear-type cutting action. ( 

67. (059) If a center lapping machine is unavailable, which of the following coujd be used to the 
greatest advantage? 

a. A piece of hard wood and lapping compound. 

b. A lathe center and lapping compound. 

c. A lathe center and emery paper. 

d. A piece of brass and lapping compound. 

08. (061-062) To correctly grind a conical taper, the wheel axis should be 

a. above the work axib. 
b* below the work axis. 

e. at an angle to the axis of the work, 
d. at the same height as the work axis. 
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(062) When you are uce grinding work that must have two or more oilier surfaces ground, you 
wo'jIJ nuiinally use the 

j wheel method c. angular wheel method. 

V .:%iiglit wheel meihod. d. dish wheel method. 

. :<y.;» %hkh type oi grudui* listed below would be required to grind the splint drive on the cid of 
an d\k shall 7 

x Cylindrical. c. Face, 

b. Internal. d - F ° r m. 

! <0<vi The wheel feed during surface grinding takes place at 

a ,-iic end of the table movement, 
b. both ends of the tabic movement. 
*c. one i»nd of the wheel movement. 
J b»»th ends of the wheel movement. 

2 <0b4 <0to) The work and the grinding wheel are rotated in the same direction in cylindrical^ 
grinding cutting tools when there is a need to 

a. improve the cutting action of the wheel. 

b. improve the finish. 

c. produce a slight amount of clearance. 

d. retard wheel wear caused by shape edges. 

73. (065 -066} Using the formula, clearance angle times cutter diameter times 0,0088, what would be 
the tool rest setting for a 3-inch diametei cutter with a clearance angle of 4 9 

a. 0 J. 0056 inch. c - 0207 inch - 

b. 0.1056 mch. d - 0 - 2106 ,nch - 

-4. 1O60) When would^.the tooth rest be fastened to the table and not to the wheelhead? 

a. To grind helical-tooth cutters. 

b. To grind straight-tooth cutters. 

c. To grind helical cutters with a universal workhead. • - 

d. The tooth must always be mounted on the wheelhead. 

n S. (067) If you get a job that requires the grinding of a compound angle and the only machine 
available- for use is a plain tool and cutter grinder, you can grind the required angles by using 
the 

a. surface grinding attachment. 

b. internal' grinding attachment. 
. c. radial grinding attachment. 

d. toolpost grinder. - 

76. (068) Proper gib adjustment in the sliding members of grinding machines is highly important 
because 

a it insures accuracv and prevents wear. c. strain on the feeding mechanism is eliminated, 
b k allows proper lubrication of moving parts, d. less power is required to run the machine. 

/ . = 7 
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Preface 



THE OBJECTIVE of this course is to provide the knowledge that you need in 
order to progress to the machinist skill level. The emphasis will be on 
broadening your technical knowledge and preparing you to perform the duties of 
a machinist. *, 

Note the chapter titles on the contents page for Volume 3. Chapter 1 covers 
tool design practices; Chapter 2, special tool design and fabrication; Chapter 3, 
jig and fixture design and fabrication; Chapter 4, die design and fabrication; and 
Chapter 5, fitting and assembly. Now, leaf quickly through the pages of each 
chapter and note the numbered headings; this will help you to understand the 
scope of this volume. 

Code numbers appearing on the figures and charts are for preparing agency 
identification only. 

If you have questions on the accuracy or currency of the subject matter of this 
text, or recommendations for its improvement, send them to Tech Tng Cen 
(TTOC), Chanute AFB, IL 61868. 

If you have questions on course enrollment or administration, or on any of 
ECl's instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercise, and Course 
Examination), consult your education officer, training officer, or NCO, ~as 
appropriate. If he can't answer youT questions, send them to ECI, Gunter AFB, 
AL 36118, preferably on ECI Form 17, Student Request for Assistance. • 

This volume is valued at 15 hours (5 points). Material in this volume is 
technically accurate, adequate, and current as of April 1972. 
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CHAPTER 1 



Tool Design Practices 



\ 

IF 1 YOU HAVE ever watched a skilled surgeon 
operate, you noted that he used each tool strictly 
for us intended purpose. As a skilled machinist, 
you too must use each tool for its intended 
purpose. In your career field you have one 
advantage that the surgeon doesn't have. You 
have the capability to change the design of 
tool from time to time as the need arises. In 
order to fully understand how you can use each 
tool to "its maximum, you must know how to use 
freehand sketching, tolefancing, and 
dimensioning. Other information you need is 
how to use standard parts and fabricating 
processes, and the relation pf part design to heat 
treatment. 

1. Freehand Sketching, Tolerancing, * and 
Dimensioning 

1-1. In thjs section we will discuss freehand 
sketching, the tools you need to do freehand 
sketching, and the techniques used in 
developing freehand sketches. We will also 
discuss the tolerancing system and the 
dimensioning of drawings. 

1-2. Freehand Sketching, In CDC 53130 you 
learned some basic information about 
blueprints. That information applies to 
freehand sketches as well as to the mechanical 
drawings from which blueprints are made. To 
include information on a sketch or omit it is the 
decision of the person who makes the sketch. He 
must include as much information as he feels is 
necessary to serve his purpose. The information, 
such as dimensions on notes, Mhat he supplies 
should conform to good drafting standards and 
practice. Mechanical drawings are made with 
mechanical devices, such as the pencil compass, 
triangle, and T-square. A sketch is usually 
considered to be freehand, although in practice 
it is often made on squared paper or with the 
help of a rule and pencil compass. Usually a 
sketch is made of an existing pbjcct, but it can 
also be an "idea" sketch of something only 
thought about, or a combination of both. It can 
be drawn pictonally, so that it actually looks 
like the" object or it can be an orthographic 



sketch of the object with different views, usually 
front, top, and side. It can be either an assembly 
sketch or a detail sketch. An assembly sketch, as . 
the name implies, shows two or more parts 
fastened together to form a unit. A detail sketch ^ 
shows one single part' of an assembly in detail. , 
1-3. Freehand sketching tools. Some of the • 
value in freehand sketching, in addition to the* 
fact that it is an excellent way to present your 
ideas to someone else, lies in the fact that so few 
tools are necessary. If you have a stub of a soft 
pencii (HB or F) and a scrap of paper handy, 
you are ready to go. However, a pencil long 
enough to permit a relaxed but stable grip x 
improves »your sketching. For most sketching, x 
you hold the pencil exactly as you do when you 
are writing. If you are sketching a circle, ; ou 
may find it easier with the pencil below yur 
hand and held against your four fingers with* 
your thumb, ff erasing is needed, the eraser at 
the end of some pencils is, of course, convenient 
and satisfactory for limited use. The soft end of 
a pencil-and-ink eraser, however, is better, and 
artgum and pink pearl erasers are best. The\ do 
a cleaner job of removing pencil lines from 
paper. 

1-4. If you need to use a pencil compass, the 
inexpensive kind costing about a quarter at 
stationery stores is all you ne$d. Almost any 
kind or size of rule can be used as a 
straightedge. As your ability to sketch improves, 
you may find that you use the compass and 
straightedge less and less until you no longer 
need them to produce neat and effective 
sketches quickly. This is the iueal situation, 
which some people reach before others. 

1-5. Just as preparing rough sketches without 
instruments saves time, the use of cross-section 
paper also saves time. Cross-section paper, 
which is usually ruled in one-inch squares, is 
especially useful when you sketch to scale. 
These squares can then be subdivided into one- 
eighth or one-tenth inch squares. Note that the 
person who made the sketch in figure 1 has 
indicated that each square represents one-fourth 
inch A specially ruled isometric paper, shown 
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„ Figure I. Cross-section paper. 



tn figure 2, is used to make kometric and 
ob ique sketches. This type of ruled paper is 
he»pful in making other shapes, such as those 
shiwn in figure 2, and is often a great help in 
developing the ability to sketch well. » 

1-6. Technique of sketching. Hold the pencil 
from three-quarters to an inch from the point so 
that you can see what you are doing. Strive for a 
free and easy movement, rather than a cramped 
finger and wrist movement. In freehaad pencil 
sketching, draw lines with a series of short 
strokes, instead of trying to draw each line with 
one stroke. If you use short, strokes, you can 
better control the direction of the line and the 
pressure of your pencil on the paper. In 
sketching lines, place a dot where you want the 
line to begin and another where you want it to 
end. In sketching long lines, place one or more 
dots between the end dots. Then swing your 
hand in the direction the line should go, and 
back again a couple of times before you touch 
the pencil to the paper. In this way, you get the 
feel of the line. Then use these dots to guide 
your eye and your hand as you draw the line. 
Try drawing several light horizontal lines and, 
after each one is drawn, examine it for 
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^ Figure 2, Specially »uled isomeric paper. 

straightness, weight, and noatness. If it is ioo 
light, you need either a softer pencil or a little 
more pressure. Vertical lines ar? usually 
sketched downward on the paper. The same 
suggestions for locating dots and using a free 
movement of the entire arm apply to vertical 
lines as well as to hcrizor/al lines. Slanting li^es 
can be drawn from either end toward the other. 

1-7. With only horizontal lines, vertical lines, 
and slanting lines, it is possible to iiake any 
number of complete and acceptable ireehand 
sketches, depending, of course, on the item or 
job to be sketched. Keep your freehand sketch 
neat. To do tjiis. first sketch the line lightly 
Lines that are not essential to the drawing can 
be sketched so lightly that it is not necessary to 
erase them. Darken essential lines by running 
the pencil over them with more pressure after 
you have first drawn them lightly. 

1-8. Freehand sketches frequently include 
many circles and arcs. You don't need to be 
gifted with artistic talent to draw good circles if 
you follow these suggestions. In A of figure 3. 
observe how the pencil is held beneath the four 
fingers with the thumb This grip produce* a 
"soft" or "easy" motion for sketching large 
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circles, as shown in figures 3.B and 3,C. Note in 
figure ?.3. that the second finger rests at the 
center <>i the circle and forms a point about 
which the pencil lead can swing. The distance 
from the finger tip to the pencil lead determines 
the radius of the circle. For smaller circles, a 
somewhat different grip on the pencil is 
necessary, as shown in figure 3.C, but the 
principle ^ the same. Figure 3 shows tfie proper 
way to grip the pencil, figure 4 shows how to 
draw the circles using these gripes 

1-9. As shown at'A, in figure 4. the first step 
in sketching either large or small circles with 
the grips shown in the previous tigure is placing 
your second finger on the paper at the center of 
the proposed circle. Then. with, the pencil 
hghtK touching the paper, use \our other hand 
to rotate the paper to give you a circle that may 
look like the one in figure 4.B To correct the 
slight error of closure shown in 4.C. erase a 
substantial section of the circle and correct it by 
eye as shown in figure 4.C\ You now have 
complete and round circles, but with a very light 
line that must be made heavier Do this as 
shown in 4.B Note that ><>u do not pivot on the 
second linger during this ^tep Rest your hand 
on its side, keep it within the circle, and trace 
x>\er the light line w*ith >our hand pivoting 
naturally at~:he wrist. As you work around the 
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circle in this way, rotate the paper 
counterclockwise so that your hand can work in 
the most natural and easy position. With smaller 
circles you cannot, of course, work with your 4 
hand within, the circle, but the same general 
approach can be used with success. 

I -10. Dimensioning. In the first years of 
.machine manufacturing, it was the duty of the 
craftsman to do the designing and 
manufacturing. If drawings were used, they 
were design drawings of the assembly type and 
were scaled by the craftsman to obtain the basic 
dimensions. The proper functioning of the 
product depended upon the skill and judgment 
of the craftsman. It was not necessary or 
working drawings to carry the detailed size < nd 
description of the object to be manufactured. 
The development of automatic machines and 
devices for precision measuring made working 
to a given size easier for the craftsman. His 
chief duty now became production. The 
engineer, instead of the craftsman, took over 
designing and accuracy control. Size control is 
now exercised by the engineer through working 
drawings. The craftsman no longer exercises 
judgment in engineering matters, but is 
concerned only with properly following the 
instructions given on drawings. You, the 
craftsman, must have a thorough understanding 
ot the symbols used in order to carry out these 
instructions. In your previous study, you were 
interested in the first step of reading a 
blueprint, which was to determine the shape of 
an object. Now we are going to take up the 
second step, to find the size- of an object. This 
information is given by a definite set of lines 
and symbols that have been accepted as 
standard practice in dimensioning. t 

1-11. A dimension line is a fine solid line 
that bears a numeral giving the distance 
indicated. It is fine enough to show a distinct 
contrast with the object lines. It has a small 
break near the center for the placing of the 
numeral. Dimensions should not be^ placed 
within the outline of a view, nor should a, 
dimension fline end on an object line. Avoid 
crossing dimension and' extension lines to 
prevent confusion. No line of any kind ever 
passes through a numeral. Arrowheads on the 
end ot dimension lmes assist the eye in 
determining the extent of the dimension. 

1-12 An extension line is a fine solid line 
that "extends" from .a point on the object to 
which the dimension refers. It should be the 
same w-idth as a dimension line Leave a space 
of about 116 inch at the point where the 
extension line would join the object, to clearly 
distinguish the extension line from the object 
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line. Extension lines should extend about* 1/8 
hioh beyond the points of the arrow 1 ' »ads. 

1-13. In the following paragraphs* we will 
discuss types of dimensioning, tolerance, and 
allowance. The three types of dimensions are 
detail, position, and overall. A detail dimension 
shows one length or dimension necessary to 
express the size of the structure. A position 
dimension locates the centers f circles jor radii 
necessary to fabricate structures to exact 
dimensions. An overall dimension is a total 
dimension, to give the entire length* height, and 
width of a i object or structure, it is generally a 
SUJi.ttaiiyp. ot dinaLer dimensions, and is placed 
on the outsiue of detail an*! position dimensions. 

1-14. Tolerance. Mass production has 
brought about the need for interchangeable 
parts. Mating parts may be manufactured and 
assembled in entirely different factories. To 
make parts that can be interchanged, sizes must 
be specified in such a way that machine 
operators in widely separated shops can produce 
parts that are interchangeable. This would be a 
sin pie task if it were possible to manufacture 
parts exactly to the dimensions intended in the 
design. It is the problem of the designer to 
specify the allowable amount of error that can 
exist and still permit the parts to function 
satisfactorily. 

1-15. 'Tolerance" is the amount ot variation 
permitted in the dimension or surface of 
machine parts. Tolerances are stated in several 
ways. The> may be stated as limits. For 
example, a piece is to He made 1 .950 inches long 
wth a maximum dimension .002 inch larger 
han 1.950 inches with a minimum dimension 
.003 inch less than 1.950 inches. The extreme 

dimensions are indicated by 1.950 i" oo3 ^ c 

maximum dimension is 1.952 inches, and the 
m; r urin*m dimension is 1.947 inches. 

!-l(>. "Unilateral tolerance/' is related to the 
basic size or dimension in one direction only. 
For example, if the size ot a shaft is 1 .000 inch 
and the t»M^rance is expressed as L000 4-.00I 
anu —.00. this is a unilateral tolerance. If the 
tolerance is expressed as partly, plus and partly 
minuo. a is a bilateral tolerance." The size of 
the »haf t v:ited as 1.000 inch ^ "q8 I '^ ecausc 

tftw uHd\ :ulerance is given in two directions. 
Wren v, i use unila teral tolerance, use one ot 
the three following methods to express it. 



" Mole size ,i 250 +• (i02. - ihui 
Shall size X 249 -r IKK) - * «*: 

i. Specify no mm a! m/c lur UuiU »h«* ue ' .»ti ill- % l( >x „ 
and tolerance * 

Hole u/c 3'/4+ 002 - mm 
Shall m/c .V«- 001. - UlU 

Bilateral tolerance should oe specified *..tu a 
plus and minus tolerance, usually of ,<n eq. a 1 
amount. c 

1- 17. Alio wan re. Allowance >s . J * 
intentional difference in the dimensons ,u* 
mating pistr/and may be oositive or^ • e f r .Jti«<^. 
The allowance is positive if .there is a clear u it 
between the external part and the internal part/ 
The allowance is negative if the internal part is 
larger than the external part. 

2. Use of Standard Paris and Fiibnm'rtg 
Processes 

2- 1. You should,-, whenever possible, <use 
standard tastenmg devices and bearings i.i »U 
construction of any item that you design/ 
Standard parts' are usually readi l\ available 
Therefore? the number of parts to nuiiutai'ure 
is reduced. The following information will help 
you select the proper iypes of f sr.. ; 

and bearings for manufacturing the, t:*.n i.iat 
you are designing. j 

2-2. Fastening Devices* There are (tuny t^p^s 
of fastening devices. The most comm<Mrtle\ices 
for fastening parts together are bolts, scjws. 
nuts, and pins. 

2-3. Bolts. Bolts are used with nuts and 
threaded holes to fasten parts together. Some of 
the more common types of bolts are as follows 

a. Aircraft bolts are specifically designed to 
be used oh aircraft. Markings on the bolthead 
indicate the type of material that the bolt is 
made of and whether or not rt is a special or a 
close tolerance ^ bolt Figure 5 shows the 
markings on head of an aircraft oolt and 
typicjti dimensions and tolerances. 

h* Capscrews are available in dnmeters ot 
1/4 inch to I inch and in lengths of I 2 nch To 6 
inches. They are made of steel or brass. The 
longer capscrews can be used with nuts, but they 
are usually used to fasten pans to <nher parts 
that have threaded hole*. 

c. Socket head cao^erowi are u«od »\»r <hc 
same s purposes as common capscrews. Hi-wever, 
instead of hexagonal, the head of a s»*c!<.e» head 
eapscrew is round and has a hexagonal socket 
Hexagonal or Allen 5 wrenches an- used to 
tighten and !»*»oen he id eupsujws The 

heads nofiialSy Hi into eoumerbored holes in 
» the part being fastened 

</. Jetserews are used to lasten parts, such as 
pulleys, gears, etc.. to shafts I hey ,«re usually 
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BOLT HEAT MARKING IDENTIFICATION 



A X MARKS-ALLOY STEEL BOLTS 
tNON - CORROSION ASSISTANT) 
\0IMPLE DENOTES HI- STRENGTH 
WlOY STEEL (NON-CO p * RES) 



\ 



CORROSION RESISTANT STEEL BOLTS 
MARKED WITH SINGLE OASH 




SPL" OR PART NO FOR SPECIAL 
OR CLOSE TOLERANCE BOLTS 
^TRIANGLE DENOTES CLOSE 
TOLERANCE /BOLTS 



DOUBLE DASH lOENTIFfES 
ALUMINUM ALLOY BOLTS 



0( . 4-0025 
0100 




THREAD^- -20NF-3 
*SPEC AN- 6 GGG-S-!26 

DRILL *36 (.106) 

CHAMFER 45°x|4 0R k 

ROUND END OPTIONAL 

END RADIUS L 

' \ - 6 
L MAX.TWOMMPERFECT TH'D? 



CHAMFER ON BOTTOM f ACE 
15° TO DIM "I OPTIONAL. 



Figure 5, Bolt markings 
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hardened Setscrews have slotted heads, square 
heads, or socket heads. 

e Machine bolts are available in a variety of 
sizes. They are usually used with nuts to fasten 
parts together They have either square or 
hexagonal heads ? and are made of steel or brass. 

/; Carnage bolts have round heads above a 
square section. The square section pulls into the 
wood and keeps the bolt from turning when the 
nut is tightened. 

V. Stove bolts have slotted round or flat 
heads, and are^vailable in diameters of 1/8 inch 
to 1 2 inch and' in lengths of 3'8 inch to 6 
inches. 

lu Studs are bolts that are threaded on both 
ends. One end, usually the coarse-threaded end, 
is threaded into the parent part of .a mechanism 
and another part is fastened to the fine-threaded^^ 
end by means of a nut 

2-4 Screws. The screw is a common form of 
threaded fastening device. Screws are usually 
identified by the shape ot the screwhead. Sheet 
metal screws are made of hardened steel and are 
threaded directly into holes drilled in sheet 
metsU, The heads of sheet metal screws are 
usually round or flat. Machine screws are made 
of steel, brass, or aluminum alloy. Machine 
screws are designed to be threaded into a tapped 
hole or to be used with a nut. Some of the types 
of machine screws are given below: 



a. Fillister head screws are commonly used in 
light mechanism assemblies and are available 
with or without a drilled head. 

/?. Flat head screws a--e used in countersunk ■ 
holes. They provide a surface face free of 
projections and are used for streamlining. 

c\ Round head, button head, and washer head 
screws are used where the projection head is not 
objectionable. The washer head has a large 
contact area on the head. 

d, Phillips screws and *Reed and Prince 
screws have cross-slot type heads. A Phillips 
screwdriver must'be used with Phillips scrcCys, 
and a Reed and Prince screwdriver is used with 
Reed and Prjnce screws. > 

2-5. Nuts, A nut is threaded internally to 
mate with the threads of a bolt, screw, or stud. 
The threads of a nut must correspond to *h'e 
external threads to eliminate jammed or 
stripped threads. Nuts are made of steel, 
aluminum alloy, or brass. 

a. Plain aircraft, or hexagon, nuts have a 
limited use in aircraft and require a locking or 
safety device, such as a checknut or lockwasher 

/?. Checknuts are thin nuts used as a locking 
device for nuts, setscrews, threaded rod ends, 
and other devices. 

c\ Castle nuts are used with bolts that have a 
drilled hole in "the threaded end to receive a 
cotter pm or lock wire for safetymg 
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FIBER INSERT NUT 



APPLICATION 
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Figure b„ Fiber insert nut 
t 

d, Shear nuts are used with such devices as 
clevis bolts, in which there i$ no tension on the 
roll. 

e Plain and blotted engine nuts are high- 
strength nuts and are designed for use on 
engines. They require a locking device. 

/ Locknut's are uSed for locking all external, 
engine nuts, except 'those used with safety wire 
or a cotter pin. 

Wingnuts are used where the desired 
tightness can be obtained with the fingers, 

h. Firmer insert nuts are the most common of 
the self-locking nuts. They have a fiber insert 
that is smaller in diameter than the bolt. When 
the nut ^threaded" on a bolt, the fiber insert 
expands, as shown in figure 6, and tightens th* 
nut on'the bolt. The fiber insert nut should not 
be used in a location subjected to rotational 
movement or near excessive heat (above 250" 
F.). 

2-6. Pins. The three types of pins, show;i in 
figure 7, that are most frequently used in 
assemblies are flat head, taper * (plain and 
* threaded), and straight. 

a. Flat head pins, commonly called clevis 
pins,, are made of steel and are used on tie rod 
terminals or on secondary controls. The pin is 
safetied with a cotter pin., 

• - / 



6. Taper pins are used to pin or u» emm^t 
two parts (such as the hub o* a pan to x \ ui> 
where it is "essential to e!in«:nau k a.v. 
or play. They are made oi s\m and *omi r 
pins have a hole in the larg-i end t> t ».- i.«e 
safety wirfc. The common pia.n caper ph 
not have a drilled Iwle in the large end. Anoth :r 
common use of the taper pin is to alin? pa?*:> k* 
an assembly. Threaded taper pins are used *\ r 
the same purposes as common taper ^r.., i vi \ 
a more positive means of jecunng ths t \\ i- 
requijed. Threaded t.iper pins are f. -^uci/tlj 
usfid/for fastening aircraft parti,. A taper *\: 
washer aiui a nut ate uuoJ v i;h t!ue:'.!cd i-.'ai 
pins, 

t\ Straight pins are used primarily to fasten 
or secure mating parts and to aline parts. t 

2-7. Bearings. Bearings are suoporcs t 
guides for the moving parts of n.Jicrisp.cs. 
engines, and shafting: There are two types oi" 
bearings: plain and antifriction. 

Plain bearings. Plain bearings can be made 
of various metals, but are quite frequently made 
of bronz^r-The-m^uetiaKmust be hard enougl. 
^ wear well, vet softer than the material they 
contact. 

b. Antifriction beajing'j. Bali ^.^ nil*; 
bearings are the most common types of 
antifriction bearings. Very little friction is 
'present in these bearings because of the small 
* area of contact between the balls or rollers and 
the bearing races, and because, of the rolling, 
rather than sliding, action. 

(I) Ball bearings consist of /an outer and an 
inner race, separated by fr^ly moving ball* 
They are primarily intended to resist radial 
thrust. 
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TAPifR PIN 




POOR DESIGN 



GOOD DESIGN 



SHARP CORNERS 



ROUNDED CORNERS 



HOIES TOO CLOSE 
TO EDGE Of JOB 




<2) Roller bearings are similar to ball 
bearfhgs except that rollers are used instead of 
bails' The rollers are cylindrical, tapered, or 
barrel-shaped. Bearings with rollers that are 
relatively king compared to the roller diameter 
are needle bearings. Tapered roller bearings are 
usually used to combat extremely high end 

thurst. ' f 

NOTE: -Additional information about plain 
and antifriction bearings can be found in . 
machinists' publications such as the Machinery's 
Handbook* 

3, Design Related to Heat Treatment. 

3-1. Heat treating is a series of 'operations 
involving the heating and cooling gf metals in 
the solid stdte. Its purpose is to change a metal's 
mechanical property or combination^ of 
mechanical properties so that the metal will be 
more usefu /serviceable, and safe for a definite 
purpose. H<;at treating can make a metal harder, 
stronger, aid more resistant to tmpact. Heat 
treating can also make a metal softer and morf 
ductile! sl> one heat-treating operation can 
/produce all of these characteristics. In fact, 
•some properties are often improved at the 
expense ot [others. As a result of hardening, for 
example, a^metal becomes brittle, 

3*2. As ; a machinist, you should know the 
etlecis or fceat treating and the results thaUyiou 
can v'xpest trom each heat-treating operation. In 
mam the metal and^the heat treatment are 

specified Make no substitutions of materials 



unless the substitution is authorized by technical 
orders or other authoritative sources. In other 
cases, you may have to specify the heat-treating 
process. If so, you must consider the use to 
which the part will be put and the mechanical 
properties required. If you overlook the design 
of the part or the metal of which it is made, the 
part may warp badly or crack, or the required 
mechanical jrtopcrtics may not be obtained 
during heat treatment. 

3-3. The rate of cooling is affected not only - 
by the difference in mass or size but also by the 
*<shape and the surface finish. When a part is 
i removed from a furnace to be quenched, even 
though it is uniform in cross section, its shape 
'may cause uneven cooling. Particular attention 
should be given to contour to avoid such 
abnormalties. Avoid protruding corners on 
parts, such as angle plates and V-blocks, 
whenever possible, by slightly rounding the 
'corners' antf the edges. Design affects /the 
serviceability- of a tool or machined partjThe 
failure of a part, in most cases, can be ua^HJ to 
improper design or to improper heat-treSting' 
i procedures. Figures 8 and 9 illustrates 'good 'and 
•poor part design. Improper design or heat 
; treatment of a part can cause cracking, warping, 
or internal strains, which reader a part unfit for 
! service, 

V 3-4, Two forces that may combine to break 
steel apart are the residual stresses set up during 
machining operations and the heat treatment ot 
the part, There is also the force applied to the 
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* Figure 9. Corner and surface design. 

I . 

, part when it is put into service. Internal stress in 
\ }i part can equal as much as 90 percent of its 
^Strength and, therefore, can cause it to break 
tAinder a comparatively small load. 

3-5. The most serious c'ause of residual stress 
is the hardening operation. The right method of 
cooling depends not only upon the chemical 
makeup of the metal bat also upon the size and 



shape of the part. The failure of a pu*. \- usvMiy 
caused by the use of a aesmn without a in 
consideration for the hep* trtfurtcnt or fur the 
use of the part. Designs with abrupt changes in 
mass or size, will, when quenched, *se; up 
massive stresses in the i?art *md wui cause 
warping. Other parts even if they » are heat- 
treated satisfactorily, will fail in use if itoy ± r c 
improperly designed. 

3-6. Errors in d^&i?r. notf >r.v .m 
stress in a part but they can also cau*. - 
concentration of stress, which, when combined 
with service stresses (the stresses caused by an 
actual load in use;, can c^use the v part to fail. 
Some designs are almost impossible to harden 
because of the part's change in size. Sharp angles 
and uneven balance of mass concentrate stress. 
A piece, properly aiesijiud in relation u> neat 
treatment, heats and cools evenly. Perfection tn 
this respect is unattainable, because the surface 
of a well-balanced part cools faster then the 
center. A machinist should design a part so that 
it will pool as evenly as possible and wiH !iu\e a 
low concentration of stress under ioad. 



192 



ERIC 



c h a p t efn 2 



Special Tool Design and Fabrication 



THE DESIGN and, fabrication of 
practical tools are important tasks of a 
machinist. Some tools are^mrfple and are quite 
easy *o develop. Others are complicated and 
require more careful development. A tool can 
bp defined as any device that is capable of 
working a material into a desired shape, holding 
a material while it is being worked, or 
measuring it after the work is completed. In the 
Air Force, as well as in industry, tool des : gn and 
fabrication are important processes that are 
necessary for the economical production of 
parts. In this chapter we will discuss certain 
necessary factors in the design and fabrication 
of tools. 

4. Design of Hand and Cutting Tools 

4-1. "Tool design" has become recognized as 
meaning the design of special tools for the 
economical production of parts. In the Air 
Force as well as in industry, certain factors that 
influence the design and fabrication of special 
tools must be considered In this section we will 
discuss the general aspects of tool design and 
fabrication. 

4-2, In every operation the tools must be 
adapted to the material, the machine, other 
tools, and the operator. When you choose a 
machine for an operation, its capacity and range 
are important items to consider, After you have 
selected the machine, the tools that you use on it 
must perform well on that particular machine. 
For example, the length to be machined must 
fall within the travel of the table, and provision 
must be made tor mounting the tools. The tools 
must have enough bulk and backing to prevent 
their destruction during a machining operation. 
We will apply these ideas as they relate to (1) 
tool planning and (2) types of tools. 

4-3. Tool Planning. Tool planning is 
concerned with the processes to use, the 
operations required, and the locating points for 
each operation. It also involves the dimensions 
and tolerances to be held and the machine tools 
needed to make the part. Tool planning must be 



thorough and usually involves the following 
three steps: a 

(1) Determine what the tool must do. This 
step tells you what type of tool you need, v/hat 
operation it is to perform, and ho%v it must be 
held or fastened to the. machine. 

(2) Select or invent- a device to meet the 
requirements. Your knowledge of the tools and 
holding devices that are available from standard 
sources will be of great *value at this point. If 
there are none available, then you must invent 
your own tools for this purpose. 

(3) Construct the device to perform the 
required task most efficiently. When you have 
decided upon a general form of tool, you must 
arrange and position it to do a specific job. 
Consider these main ideas at this time: economy, 
kind of operation, accuracy, and safety. 

4-4. Types of Tools. Machine tools are 
powered tools, not normally held by the hand. 
The true machine tools are the lathe, milling 
machine, drill press, planer, and shaper. Some 
modifications of the basic types, such as the 
turret lathe and boring mill, are accepted in the 
same class. Other tools supplement the basic 
machine tools. It is not uncommon for ths tool 
designer to design specific tools or to modify 
standard ones. We will discuss some of the more 
common tools that can be used as standard tools 
or can be modified. 

4-5. Jigs. A jig is a device for holding and 
locating a workpiece. and for guiding the tool 
that performs an operation. Though jigs are 
usually movable, they are sometimes fastened in 
almement with the cutting tool. They are 
frequently designated by their type of operation, 
such as drilling or boring, but are more often 
classified according to their construction, such 
as template, plate, angle plate, and ring. 

4-6. Fixtures. A fixture is a device for 
holding work while an operation is being 
performed, Fixtures are usually classified 
according to the kind of operations for which 
they are used. Some of the more common tyt^s 
are the lathe, turret lathe, and milling machine. 
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There are often many fixtures for each job or 
operation, with each fixture of a different 
construction Fixtures are frequently^-givCn a 
name descriptive of their design or features, 
such as vise, faceplate, and indexing fixtures. 

4-7. Dies. There are many kinds of dies, but 
the most common are those used for cutting and 
shaping sheet metal These dies are called press 
dies to distinguish them from others, such as 
forging and moulding dies. Dies that cut sheet 
me':! :r*i!jut ^ti:r.pi:;s Vxz for blankirg and 
.piercing, for crlcff and trimming, and for 
*!n"n£. Dies used for shaping metal include 
thr-e for dr--?.ie. \ rmin?. and bending. At 
times, several operations are performed with 
one die. These dies are of the progressive, 
compound, or indexing design. 

4-8. Cutting took. €utting tools are divided 
into two classes with respect to design. One class 
includes single point tools, such as those used in 
turning, facing, boring, shaping, and planing. 
The second class includes multitooth cutters, 
such as drills, reamers, milling cutters, and 
saws. Cutting tools are usually named for the 
operation they perform, such as drill, lathe tool, 
and milling cutter. 

4- 9. Gages. Gages are devices for 
investigating the dimensional fitness of a part. 
They are usually classified into three general 
groups. Fixed-size gages are used in production 
for both large and small work. Indicating gages 
are usually used in an inspection department. 
Combination gages are used to check more than 
one dimension on a workpiece. 

S^De'Pgn of Special Gages 

"5-1. Modern machine work requires 
. cnsive Use of gages for shop inspections and 
references. In this section, more detailed 
information about the design of gages will be 
discussed. A gage is defined as a device for 
dcKrmi.-iing whe.th?i or not the dimensions of a 
.na: ufactured part are v/ithin specified limits. 

5- 2. Sl;e*s Used in Gages* The types of steels 
jsed for £ages are machine steeh plain carbon 
steel, t :nu special alloy steels, w:th machine steel 
used most often. The carbon content of machine 
steel for gages usually ranges from 0.15 percent 
to 0 25 percent, although it may be as high as 
0.50 p»\ especially *V rrng or plug gages. 

0 20 percent carbon feel, containing 1.00 
percent manganese and about 0.05 percent 
phosphorus and sulph.jr, is considered very 
satisfactory. This general class of steel is 
ixteps="el" j<ed for snar> gages. Steel for gages 
.ihouid pot ccntrn >in. since this causes 
warping in the hardening operation. Plug gages, 
ring javc* as;«i i .h^r *\.rms *hut can be ground 
easily after hardening are often made of a steel 



containing abouc 0.50 percen. uir'v>i.. • 

5-3. High carbon ateel is so netinie;, .m^ciuV. 
to machine steei because s,*n ce nL'uzu J .> 
much kss time than is requireu 4 ui ca.out^tsit. 
and ha r dening machine S'oe! £ages> Ti»; n&u 
carbon steel used for gi,ge$ usuallv w,;u.m 
about 0.90 percent carbon. Special dj^y /e;i? 
have been developed, which are :dap*. i t > fine 
gage work partly because changes due to 
hardening are very slight 

5-4. Gage Tolerance. The size* of a g,.*'* % , 
determined by the tolerance of tne part to be 
gaged. According to the practice of pnr.in/Kf 
manu/acivrers ot gages, a tolerance ct 10 
percent of the work tolerance is generally 
allowed on ordinary working and inspection 
gages. For example, if you were :o make a ring 
gage to gage a 1.00- : nch diameter snaft a.io ;h? 
tolerance of the sha/t was plus or iifim:s 0 ^u5 
inch, the tolerance of the gage «vould b a . -\ o. 
minus 0.0005 inch. Since the vor*. ha,* ~ 
tolerance of plus or minus 0.005 inch, the 
tolerance would then be 0.0005 inch for b*uh 
working and inspection gages. This amount is 
subtracted from the minimum and n?v.tv;. . 
size of the shaft. There is a difference between 
the minimum and maximum size of working and 
inspection gages. The minimis:.: i*;. \ : 
working gage is 10 percent of the tolerance 
larger than the minimum size of the inspection 
gage. The maximum size of the working gage is 
made 10 percent of the tolerance smaller than 
the maximum size of the inspection gage. The 
reason for this difference is that, if the working 
gage and the inspection gage were made the 
same size, the working gage, which wears fa'.ter. 
would become larger than the inspection gage. 

5-5. Fixed Gages. Fixed gages are the most 
common and are used for both large and small 
production work. As an Air Force machinist, 
you are most likeiy to use this type of gwtge. 
Fixed ga^os ure „acdividec into tne$<: j<sih.ri] 
classes: ring, receiving, plug, pin, snap, thrcau. 
and form gages. The following will .tain „, j 
understand the use of these gages. 

a. Ring gage. A ring guge nas ; c.rcular hole, 
which is ground accurately to the specified size. 
Ring gages are more often used in pairs. 
The difference in the hole size of the two gages 
is equal to the loierance "\a the $.irrs bvn.± 
machined, k pair r:ng ££tes is Knovn »s go- 
no-go gages, T f a part can go into the !:>r/er ^ge 
but can not go into the smaller gage. A is w;thin 
tolerance. Any part that fits into the ■.m^ll.T 
gag^ is too sr.ol: and $ rot ^c;iptabic. /* »iy part 
that can not snier the larger ring :uge it tvo 
large and must be re-machined. 

b : \ecei\mg gage. Rcceivnc. gages are 
similar to ring gages but arc used ui check the 
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si/0 and contour of noncircular parts. They arc 
used quite extensively to check splined shafts. 

i Plug gage A plug gage has an outside 
casing surface to fit a hole. It may be round, 
tapered, or irregular in shape. It may have either 
an integral or a replaceable handle. 

(I Pin gage. Pin gages are used for measuring 
large holes when a plug gage is too heavy. Place 
the"pin gage lengthwise across the hole, and take 
the measurement as \ou would with an inside 
micrometer, Pin gages may also be used to 
measure the width of slots and grooves. 

v. Snap gages. Snap gages * have inside 
measuring surfaces tor checking diameters, 
length, thickness, and other similar dimensions 
/ Thread gage. Thread gages are made in the 
form of ring or"plug gages. They have a definite 
limitation tor very precise measurement Single 
full-form plugs or ring screw gages cannot be 
used 10 check all the thread elements. At least, 
three sets of plug and ring gages are needed to 
" check a thread completely. One set checks pitch 
diameter, the second, the major diameter. ar.*i 
the third, the minor diameter. 

if. Form gage. As a rule, the ring and plug 
gaaes are used for checking ordinary work. 
When great accuracy is required, such methods 
as contour projection, are used. Form gages are 
specially designed to check the form or contour 
of a workpiece. An example of a form gage is 
the gage used for checking lathe tool angles and 
forms. 

6. Fabricating Processes 

6-1. The fabrication of tools is probably the 
most important part of your work as a 
machinist After a tool has been designed to 
perform a certain function, it is extremely 
important that it be constructed properly. After 
the tool is fabricated, it must be given a 
functional tryout to determine whether or not it 
will perform the job for which it was designed. 
In this section we will limit our discussion to the 
more critical areas of tool fabrication. These 
include (1) tool materials. (2) selection. (3) 
layout. (4) serviceability of machined parts, and 
(5> heat treatment. 

6-2. Tool Materials, The material from 
which a tool is made is the most critical factor 
in its fabricating. Tool design engineers, 
throueh vears of experience and trial and error, 
have set up standards for fabricating most of the 
cuttine tools, such as lathe tools and milling 
cutters, and for most of the hand tools. For our 
purpose in this section, we will center our 
discussion on punch and die manufacture The 
many \anables in the design and fabrication of 
punches and dies make it impossible to 
recommend specific standards. But there are 



certain factors that must be considered in the 
manufacture of all punch and die sets. 

6-3. The many materials from which 
punches and dies can be constructed include 
zinc alloys, rubber, and thermosetting phenolic 
and epoxy plastic. Most die sets, however, are 
made of steel in one of its many forms. 

6-4. Plain carbon steel. Plain carbon steel is 
the least expensive of all steels and the most 
widely used. Its carbon content ranges from 
about 0.7 to 1 .5 percent. This steel is sometimes 
modified for some uses by the addition of small 
amounts of chromium and vanadium. Although 
they are frequently used in the manufacture of 
tools, carbon steels are prone to be errat'n in 
their response to heat treatment. This is lue 
largely to their differences in grain size md 
ability to harden. Even steels of the same 
composition and steels made by the same 
manufacturer are similarly erratic. 

6-5. Nondeform'mg tool steel. Nondeforming 
tool and die steels are used extensively for 
intricaiely shaped tools, wheie heat-treating 
distortion must be held to a minimum. These 
steels generally contain substantial amounts of 
manganese— about 1.5 to 1.75 percent. The 
manganese content is lower when chromium and 
tungsten are added. With the proper proportions 
of a!)oving elements, this type of tool steel can 
possess good hardening quality and resistance to 
wear. 

6-6. High-speed tool steeL High-speed steels 
contain larg^ amounts of tungsten and smaller 
amounts of chromium, vanadium, and in some 
cases, molybdenum and cobalt. They are 
valuable in the manufacture of cutting tools, 
because they retain hardness and strength at 
high-operating temperatures. This type of tool 
steel, when properly heat-treated, is hard and 
has good strength. 

6-7. Nonferrous tool materials. Nonferrous 
tool materials include such metallic element as 
tungsten, tantalum, titanium, columbium, and 
cobalt in their carbide forms. These materials 
can be used for machine tools for blanking, 
drawing, shaping, and spinning dies, as well as 
for many other applications. Tools made of 
these materials perform beyond the limits of 
steel tools and are quite suitable for use on 
hard, abrasive materials and hard alloys. The 
hardness that can be attained by heat-treating 
these materials is much higher than can be 
Attained in tool steels by any known method of 
heat treatment. 

6-8. SeL tion* When you are designing or 
manufacturing a tool, there are several factors 
that you should consider in selecting\the 
material. 
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6-9. Use of the tool. The use of the tool 
governs the selection of the material from which 
it should be made. For example, milling cutters 
should be made of highly refined tool steel that 
has been tested for both internal an^l external 
defects. Defects in the material used is one of 
the most important causes of tool breakdown. 
Use only materials that can withstand the forces 
to which they will be subjected. Material defects 
are usuallv found in the ifw-grade steels. The 
manulacturer did not intend for these steels to 
s e used to fabricate tools ana machines. Many 
oe;ect!> in low-grade steels are caused by the 
manut'uciu! process, such as seams, 
laminations, blowholes, erratic grain size* and 
uneven tensile strength. V/ith these things in 
mind, you should ^select only high-grade 
materials for such tools as jigs, fixiures, die se:s, 
and cutting tools. High-grade steels are made 
specifically for items of this type. The 
manufacturers have been very critical in the 
refinement of the high-grade tool steels. 
However, there is a remote possibility that even 
the best tool steel may have a defect. 

6-10. Assume that you are fabricating a die 
set for a production run of several thousand 
parts, and 'you have selected the very highest 
^rade of tool steel. You would be wise to have 
the material tested for defects by the personnel 
of a nondestructive inspection laboratory. You 
can minimize tool breakdown by selecting the 
proper tool material and having the material 
tested before you use it. 

6-11. Wear. Wear causes tools to become 
inaccurate. You should always use ha/d, wear- 
lesiitdnt materials in areas subject to wear, such 
as on jigs, fixtures, and gages. Keep the wearing 
surfaces as small as possible without sacrificing 
durability. Small surfaces are also easier to keep 
clean and are cheaper to build. A good example 
of the effect of wear is a drill bushing in a drill 
jig. This type of bushing is subjected to abrasive 
wear from the revolving drill bit. If the drill 
bushing is too soft or made of improper 
material, normal usage will cause it to wear and 
become inaccurate. You can minimize wear by 
using a material that can be heat-treated to an 
extremely hard state. 

6-12. Deflection. Deflection is usually 
present in machining operations. It cannot be 
totally eiirfiin.atjd, out it can be reduced to a 
minimum. For example, a dull tool causes 
several times as much deflection as a sharp tool. 
Forces that cause deflection come from 
handling, .zia.r.p^ a.:J ou.ting act.ons. 'Yhen 
you oesig.i and manufacture cutters, jigs, or 
fixtures, provide ample support for the work, 
this teduiJi u*o problem ot defieclion to a 
minimum. 
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6-13., Thermal rK expansion. '* berm ! 
expansion must be taken irrr* cuiuidf. • >n 
especially >vhen you are n^chming or n« iJi<.^ 
dissimilar metals. For example, aluminum 
expands about twice as much as stee! for ocry 
degree of change in temperature. The bsst w«'v 
to keep thermal expansion to a minimum is to 
keep the tools shorp and to use uu ufir.y !: w_m.i.: * 
of coolant. 

6-14. Load. Tho type 3i load to whij;i .. u»V 
will be subjected is ?. prime consid ?ra;i*; t :. 
There are two generai considerations involved 
in load. Fi r si. >\.u rn.st determi/ 1 *: 'herb^i 
machines or tools are capable of withstanding 
known external loads without failure. Second, 
you must determine the size and shape of a lou' 
that can withstand the known external lo^.d 
forces. 

6-15. Layout. Jigs, fixtures, a^d dii s;ts hav* 
two features in common. Each requires accurate 
layout and accurate machining to insure the 
production of interchangeable parts. Probablj 
the most difficult task in ai! layout is the 
location of holes, especially in the manufacture 
of a jig or a fixture. When extreme aca .acy .5 
desired, it is virtually impossible to do the job 
with the common hand layout vols ^ec« u i 
layout tools produce measurement e»ro<. It sou 
use dividers for laying out the location of l.oie*. 
the first error occurs when you try to transfer an 
exact measurement from a rule to the points of 
the divider. You cannot make mcasurer.ier.ij in 
thousandths of an inch with dividers. If the 
intersection of center lines is center-punched, 
another error is likely to occur because of the 
human clement. If you drill a hole vith a full 
sized drill, which you line up as nearly as 
possible with the center punch mark/a larger 
error will probably result. These are just a few 
of the errors that are possible when >ou use such 
layout tools as dividers, a Steel rule, a scriber, 
and a center punch. A jig boring ffvihtne is 
ideal for locating, drilling, and boring holes, but 
this machine is not normally found in an Air 
rorce machine shop. If extreme accuracy is 
required in the manufacture of tools, you can 
locate and produce accurate holes by one of 
several methods. These are some of the more / 
common methods of layout; 

6-I6. Tocitnakeri buttons. The use or 
toolmaker's buttons is a very accurate method 
for locating holes. These buttons are precision- e 
ground, cylindrical pieces of hardened tool steel 
with a hole through the center, The ends of the 
b<itU*ns are shjhtly concave so that the outside 
circumference bears on the flat surface of the 
piece being laid out. A ccn* :m.nt size is the 
0.500-inch diameter. 0.500-inch length, with a 
0.250-inch diameter hole. This size uses a 5-40 
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screw to clamp each button in place. 

6-17. Disc. For machining holes in small 
precision work, the three-disc method is 
sometimes used to aline the respective holes 
with a lathe spindle. The diameter of each disc 
is machined to the exact size that will cause the 
disc centers to coincide with the positions of the 
holes to be machined when the discs are 
touching each other. This method requires 
calculating the respective diameters of the discs 
before any machining can be done. 

6-18. Dial indicator The dial indicator 
method can be used to advantage in locating 
straight line holes. It is usually used with 
toolmaker's buttons if the shape of the work 

9 permits it to be attached to an angle plate or 
placed on a surface plate. You must exercise 
care in handling a dial indicator to assure 
accuracy in its use. Dial indicators must be 
calibrated frequently because they are easily 
damaged. 

6-19. Toolmakefs knee. The toolmaker's 
knee affc.ds a rapid and convenient method of 
setting up angular work on the milling machine, 
shaper, drill press, or grinder. It is a valuable 
tool when you are building tools and dies, and 
when you are machining holes or olher surfaces 
at compound angles. 

* 6-20. Machining Requirement* An area of 
prime consideration in fabrication is the 
determination of machining requirements. You 
will constantly be faced with problems of 
machining methods and procedures. Whether or 
not you are working from your own or another 
design, you must determine the machining 
operations, and how best to perform them. You 
should first study the design and the parts to be 
produced. You must fix thoroughly in your 
mind the function the completed tool is to 
perform. Before starting fabrication, develop a 
plan of machining requirements. The following 
areas to be considered will help you develop 
your plan. 

6-21. Materials, parts, and tools list. A 
material and parts list is usually a part of 'he 
design or drawings. However, you should check 
this list or make a new list to make sure that the 
material and parts you need are available. Also 
you need to know what hand and measuring 
tools are available to you. You can their take 



action to acquire these materials and tools. Also, 
if you find that all the listed materials and parts 
are not available, you may be able to use 
suitable substitutes. In the absence of the 
required tools, you may be able to improvise o'r 
use alternate methods orjechnrqites. 

6-22. Machining methods and techniques. 
This is a vital area of consideration. Economy 
and quality, of workmanship depend often upon 
the methods and techniques used. As you have 
probably found, there are often several ways to 
perform a certain machining operation. Any one 
of these ways may be sound and good shop 
practice. But there is usually a best method for 
performing an operation under certain 
conditions. For example, drilling, boring, and 
reaming can be done on a drill press, 'athe, or 
milling machine. You must decide which 
machine and which technique is best for a given 
situation. If hole location is not critical and 
several holes are to be machined, a drill press 
can be used to advantage. If hole location is 
critical, you cap use the milling machine feed 
screw dials to great advantage. If large holes are 
to be bored, recessed, and threaded, you can use 
the lathe to advantage. 

6-23. Ai far as is practical, group and 
perform all like machining operations at the 
same tme. This practice keeps work and tooling 
setup tine to a minimum. If you find that you 
have a number of flat pieces to machine and 
planing is the best method, perform the planing 
operation on as many pieces as possible while 
you are at the sliapef. On the other hand, if 
milling is the best approach, perform as many 
milling operations as possible while you are at 
the milling machine. Also, you should perform 
machining operations on mating parts, in pairs 
and at the same time, when practical. This 
.-technique insures accurate location and 
alinement when the parts are assembled. 

6-24. Your machining requirements plan 
should be brief, yet con^lete. It should be 
legible and understandable to fellow workers 
and helpers. It should contain notes or 
references to the publications, such as TOs, 
manuals, machinist handbooks, etc., that you 
may need to use. In short, your plan should 
enable you to accomplish an economical and 
quality job. 
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Jig and Fixture Design and Fabrication 



THE PRIMARY PURPOSE in the design and 
manufacture of jigs and fixtures- is to aline the 
tool and the workpiece properly during 
machining operations. Jigs and fixtures usually 
have some type of device for guiding, 
supporting, clamping, or gaging, to insure the 
accurate production of parts. 

2. The use of jigs and fixtures helps to reduce 
the cost of parts manufactured in large 
quantities. Jigs and fixtures are used fo great 
advantage when the interchangeability and 
accuracy of the finished products are important 
factors. In some cases, the use of jigs and 
fixtures is even justified in low or limited 
production jobs if extreme accuracy can be 
achieved only by their use. One of their greatest 
advantages is that relatively unskilled labor can 
accomplish the job using these special tools. 



7. Types, Uses, and Design of Jigs and Fixtures 

7*1. Jigs and fixtures are so closely related 
that the terms are often confused. The term 
"jig" should be applied to those devices that 
hold, support, and locate a workpiece while they 
guide the cutting tool. The term "fixture" 
should be applied to the devices that hold* 
support, ar/i locate the workpiece in relation to 
the cutting tool. They are usually fixed to the 
machine. In this section we will discuss the 
types and uses of jigs and fixtures, and some of 
vhe factors in their design. 

7-2. Jigs. As we stated earlier, jigs hold* 
support, and locate the part to be machined, in 
addition to guiding the cutting tool. Jigs can be 
divided ; nto two general classes: drill jigs and 
boring jigs. Because of limited equipment, drill 
jigs are used more by the Air Force machinist 
than boring jigs. For this reason, we will limit 
our discussion to drill jigs. 

7-3. Template. The template jig is used for 
limited production. It is used more for accuracy 
in layout than for labor or time saving. The 
template jigs, shown in figure 10, were designed 
for drilling out three pins that hold a grease 
seal. These pins could not be drilled out 




Figure 10 Template jig. 

accurately by any other method. 

7-4. Plate. The plate jig, shown in figure I I. 
gets its name from the fact that the largest par' 
of it is a plate. The other essential parts are 
locating pins, drill bushings, and a clamping 
device, <*A jig of this kind can be used for 
drilling holes in a flat workpiece. 

7-5. Channel. The channel jig, showr. in 
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figure 12, is made for parts with a simple 
symmetrical shape.' The channei jig is hollow, 
and holds the part inside us walls by means of a 
locking device, such as the locks$rcw 
illustrated 
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Figure 1 2 C hunncl nc 

7-6. An\>le plate. The angle plate jig, shown 
in figure 13. is especially adaptable for 
locating and drilling holes for setscrews on such 
parts as collars, pulleys, and gears. This type of 
jig can easily be constructed so that.it can locate 
and guide a drill or cutting tool in an angular 
plane other than vertical. * 
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Figure 15 Angle pKitt jig 

7-7 Closed or box. Closed or box jigs are 
designed to completely or partialis enclose the 
pan to be machined. Tfow are used on parts in 
which holes must be' drilled from several 
directions To firmly support the jig. it must be 
equipped with four feet or legs These supports 
are located on the opposite side of the box 
from the drilling surSaccs, Closed or box jigs 
sometimes have a leaf or cover, which swings 
back to allow loading and unloading of the 
parts. Devices for accurately locating and 
clamping the workpiece are usually permanently 
attached to the jig body. 



7-8. Indexing or rotary. Indexing or rotary 
jigs are used for drilling holes that must be 
located at angles to each other. This type of jig 
may be partially or fully enclosed. By means of 
locators and clamps, the work is mounted on a 
swiveling or rotating drum (trunnion) so that the 
workpiece can be indexed to the proper location 
in line with a stationary drill bushing.This type 
of jig may be simple or complex, depending 
upon the accuracy required and the number of 
parts to be manufactured. It can also be 
designed to hold several identical parts and be 
manually or automatically operated. 

7-9. A special type of indexing jig is often 
built for large parts that are too heavy to handle. 
These arc generally box type jigs, which are 
mounted on bearings or trunnions. Mounting 
these jigs on bearings makes it quite easy to 
,move them into position for the- drilling 
operations. 

7- 1 0. Combination. Combination jigs arc 
used when more than one operation is to ,be 
performed on the same hole, such as drilling, 
reaming, boring, tapping; countersinking, and 
counterboring. The use of combination jigs is 
possible because of their slip/ renewable 
bushings. After the part is placed in the jig and' 
properly located and clamped, the hole is 
drilled, and the bushing is removed and 
replaced by a different bushing for subsequent 
operations. 

7-11. Types of Jig Bushings, Jig bushings are 
made of hardened steel. Since a jig bushing 
serves as a guide for a drill in locating a hole, 
the dimensions of the hole in the bushing must 
be extremely accurate. Standard bushings are 
available and can be used in production work. A 
jig is often fabricated for limited production. In 
this situation you must fabricate the bushing, as 
well as the jig. There are five main types of jig 

bushings: — * — ~. 

7-12. Press fit. Press-fit bushings are 
permanently pressed into position. Used only 
for limited production, they are put into simple 
jigs that are used for only one machining 
operation, such as drilling. There are two types 
of press-fit bushings, plain and shoulder. Plain 
bushings can be set closer together. It is better 
to use them when their location in a jig requires 
- a flush surface or when the holes in the jig plate 
are closely spaced. Shoulder bushings are better 
for general use because there is less danger of 
their becoming dislodged by the cutting tools. 

7-13. Fixed renewable. A fixed-renewable 
bushing fits into an outer sleeve, which is 
pressed into the jig plate. It is kept in place until 
it is worn out. Then it is replaced without 
changing the dimensions of the'sleeve in the jig 
plate. 
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7-14. Slip renewable. The slip-renewable 
bushing also fits a sleeve. It makes possible the 
drilling of several holes because it can be moved 
from hole to hofe. Also, bushings" of different 
sues can be used in the same sleeve to facilitate 
drilling, reeling, and boring, This type of 
bushiivg must be clamped to *eep it from 
rotating with the drill or cutting tool, and from 
rising from the sleeve. There are many ways of 
damping a bnshing in place, as shown in figure 
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you select. 

7-16. Special. Special bustling cat. be 
designed and mad^ accord teg to the ask they 
must perform. Yourskill and ingenuity arc your 
only guides, if an operatic,) requires u bu^iiu.c 
that is not of a normal configuration — for 
example, when the holes to be drilled are toe 
close together to u.-e thr:e ieparat; 
bushings — you must design a single hushing to 
accommodate the three holes 

7-17. Fastening and AJining Devm. i-oc 
every type of jig or fixturt designed anu usea in 
any machine shop, there must be some means ui 
clamping the workpuco U) either the jig oi Uie 
fixture. Also, some provision must*be made for 
alinement. The design of clamping devices is 
limited only by your-imagination. Some of the 
more common clamps are chc sciew, earn, hook 
wedge', toggle, and rack iind pinion. V»:i* uv? 
one or all of these in one form or anoi'*ei. TIu 
function of the jig will guide you in selecting the 
type to use for clamping. Alining devices are 
many and varied. Here again, the si?e t shape, 
and operational need governs the type of alining 
device you should u^c. 

7-18. Fixtures. There arc several classes of 
fixtures that can be subdivided into many types. 
The class t of a fixi.r.e is detei^wc \c 
machine on : which it is used. The milling 
machine, planer, lathe, boring mill, and turret 
lathe are a few examples of the machines on 
which you use , fixtures. You ran also design 
these tyxtures to be used on more than one 
machine. We will limit our discussion to milling 
fixtures. 

7-19. The type of fixture srlectcd depends ;.r 
the kind of milling operation to be perfor^ec 
and upon the type of cutter used. Milling 
fixtures aid in the performance of many milling 
operations: form milling, angular milling. T-slot 
cutting, straddle milling, and many moie 

7-2C. ,:::x'l:~ry ,M V- C:ie of th~ k simplest 
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Figure 14. Bushing clamps. 

7-15. Screw. The screw bushing, shown in 
figure 15, performs well for light work with 
large tolerances. These bushings noi only guide 
;he f tool but clamp the work firmly and 
eliminate the need for other holding aevices. A 
disadvantage of this type of bushing is that \Vhen 
:he thread becomes worn,, it is inaccurate. A 
screw bushing must have a head that can be 
turned oy a wrench. For the several different 
• ypes of hrads. shovn oi. f '^ure 56. >tf"j use. 
(from left 10 r>gm; an end wrench, round-tipped 
spanner. sqi'.^re-ncped spanner, socket or box 
:nd, and « special pin wrench* respectively. The 
use of tho busliir.j; determines the type of head 
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FiP^ic 16. Scrc\v hushing heads. 



and most widely used fixtures /is a set bf 
auxiliary vise jaws. These vise jaws are built to 
replace standard vise jaws and are used for 
simple nulling operatibns if the shape and the 
size of the workpiece permit. They are usually 
made to fit only one par». An exception is the V- 
biock vise jaw'. The governing factors of this 
special vise jaw are the size of the vise and the " 
depth to whicfi the V-block is cut. The auxiliary 
jaw usually replaces the stationary jaw in the 
vise, and the- movable jaw only holds the part in 
place. Auxiliary vise jaws are usually made of 
low carbon steel and are case-hardened. For 
short runs or low production jobs, they need not 
be case-hardened. 

7-21. Angle. plate fixtures. Angle plate type 
fixtures are designed to hold* a' part for shitting 
or face milling. This fixture is built on a base 
plate'with another plate at an angle to the base. 
The angle plate milling fixture i$ made like an 
angle plate It can be made at any desired angle. 
The workpiece is loaT^an^'COTcly- clamped 
on the face of the angle plate. 

7-22. Multiple and duplex fixtures. Fixtures 
that hold two or more like parts are g^ng or 
multiple fixtures. With a little change however, 
they can be converted to contiguous milling 
fixtures if provisions are made for clamping 
each part separately. Duplex fixtures are 
designed so that, as one part is completed, it can 
be removed while another part is being 
machined. Also, two like * fixtures can be 
mounted at opposite ends of the indexing base. 
This enables you to load or unload one fixture 
while the part in the other fixture is being 
machined After machining the workpiece in 
one fixture, the fixture on the other end is 
swung into position for the machining operation. 

In some cases, you may need a fixture 
with which you can perform more than one 



operation without removing the part. This is 
done in machining' castings that must have 
subsequent operations performed on them. In 
order to maintain accuracy, the parts must 
remain in the fixture, and the fixture moved to 
the .next machine. Some castings are very 
.difficult to reset in another fixture or even to 
' reset in the same fixture because, of their rough 
and uneven surfaces. 

8, Fabrication of Jig*and Fixture 

8-1. There are several methods of fabricating 
jig and fixture bodies. We will discuss the three 
most common types of body construction that 
are used by tool makers: builtup, welded, and 
cast or one piece. 

8-2. Builtup Type. The builtup type, usually 
fabricated by fastening together steel plates with 
screws and dowel pins, is a convenient and 
economical, method. Dowel pins must be used to 
aline the parts and to keep thNsm in alinement. 
The -screws simply hold the parts of the tool 
body together. Remember, however, that this 
type of tool body lacks the rigidity of the cast 
and welded body types. Its accuracy can be 
distorted by careless handling and loosening the 
screws that hold the parts together. 

8-3. Welded Type. The welded type of body 
construction's an outgrowth of the builtup type. 
The difference is .that the builtup type is^put 
together with screws and dowel pins and the 
welded type is welded together. The welded 
bodies are often preferred because of their 
greater strength and rigidity. Another advantage 
of the welded body type is that it is easily 
altered, permitting its adaptation to a part other 
than the one it was designed for. The surfaces of 
welded type tool bodies, which must serve as 
bearing surfaces, base lines, or surfaces on 
which accessories are mounted, must be 
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machfned after Welding. This minimizes 
distortion and other imperfections caused;by the 
welding, normalizing, and sand blasting 
processes. 

8-4. Cast or One-Piece Type. The cast or 
n ^>t)ne piec'< type of tool body is*often required in 

^ # the -construction of special tools. It can be 
molded into any necessary sfze &nd shape and 
can.be designed to require a minimum amount 
of machining. Cast bodies can be easily 
lightened by coring out material without 
reducing their strength or rigidity. You will be 
more -likely t<^ work With the one-piece body. 
The only diffcericf* between the cast type, and 
the one-piece type is that the latter is machined 
from a solid piece of stock. It h^s the same 
strength and rigidity as the cast typc,*If possible,- 
avoid, the use of the one-piece type because of 
the cost of manufacturing it. 

8-5. Locating Poipts. In the manufacture of a 
large number of parts, tools and machines are 
arranged to carry out definite routines. Since 
aircraft construction requires accuracy, all the 
parts in an operation rnust be presented to the 
tools in as nearly the same position as pos$Jble, 
Each part must be located on enough surfaces to 

^ give it,a defir.He place in which it q^n.be held 
securely. Common surfaces have the form of 
planes, cylinders, and cones. Som'c parts have* 
special surfaces and are more complicated to 
locate. Many means of locating have been 
devised to cope with all typSs of surfaces, but 
the key to all of them is in the principles of 
locating. 

8-6. Confinement alone does not insure 
location. For instant a part may be held in a 
vise securely an^n"j)t s b<^ s located. A 'free body 
moves in ' any direction, but restriction of 
movement in three axial directions prevents 
motioa»in any direction. A free body also rotates 
in any direction, but you can bring a body to any 
djesired position by revolving it about its three 
< axes, as shown in figure 17. The three linear 
movements and the three rotations are the six 
elementary movements that must be restricted to 
confine an object completely. 




Figure 17. Revolving an object to the desired position 

8-7. Th^ locative points «re us^d to position 
the part. They should, not be confused with 
clamps. Ciaaps are M:e devices that hold the 
part firmly against the locating points, which we 




Figure 18. Location of rest Huwk 

will designate as rqst buttons. £ 

8-8, The 3-2-1 principle of location ir. usually 
adopted in building a jig or fixtuiv Three 
locators on the base keep the part from rocking 
in any direction. Two contact points ?re on the 
vertical member, nexl to one of the loriC sides of 
the part, as shown in figure 18. They keep the 
part from rotating and also prevent linear 
moyement in one direction. On: rer > ut* n h 
^placed on the vertical member next u ?\\ cn J of 
the part to complete the location ot\the part. 
These six locators, with the help of the clamps, 
hold a part rigidly in position. It is a poor 
practice to put locators in other than T ho. v 
horizontal and vertical planes. Figure 19 
illustrates how an,error is increased when a rest 
button contacts the slanting side of the part. The 
locator also has a tendency to lift the part when 
the part is clamped, and a wedging action takes 
' place between the locator and the slanting edge 
of the part. Because of its name, the 3-2-1 £ 
principle is easy to remember when you need it 
during the construction of jigs, fixtures, and 
vjies. 

_ 8-9. Surface Conditions. The types of 
S locators and the number of locators needed to 
position a part depend upon the finish of the 
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loaning surfaces.,on that part.. The three kinds 
' dt surlJrces thjp-arc usually found on parts are . 
tmishtd. s$nfi-fimshed. and rough. % < 

X»10, hmtthed surhues. Finished 'surfaces 
have been machined until the> are smooth and 
true, Thev can be loeated oiHlat surfaces, which 
make tuli contact. However, if atn metal chips 
trom the previously machined parts are let t on 
the location surfaces, the next part can not be 
kicked ae^rately. The use ol rest buttons 
^ Imimmizes tkis problem More than three 
^locating points' on »>:>.c surtgrce do not improve 
location but mav be used to- give tfts poeded 
rigidity, to parts with finished surfaces. IT more 
than three rest buttons are, used on one surface^ 
the buttons must be ground to the same height to 
prevent the piece from rocking. If a part were 
clamped on locators of uneven height, it would 
be machined i/i a warped position, producing an 
unirue machined surface. 

8-11. Semi-finished surfaces. Semifinished 
surtaces have been rough-machined but still 
contain some warpage and a slight amount of 
roughness. If more than three locators are used 
on one surface, the additional locators should be 
adjustable to allow for the variations in the 
different* parts. 

8-12. Rough surfaces. Rough surfaces are 
unmachincd and have wide variations. To cope 
with rough surfaces, keep the locating buttons as 
far apart as possible to minimize the difference 
in position of the parts that are being machined, 
as sfiown in figure 20. Also, use the minimum 
number of locating points necessary to hold the 
part rigidlv. 

8-13. Types of Locators. The shape of a part 
determines the type of a locator that is best 
suited for the job. Each type ol locator excels 
the others when it is positioning the shape of a 
part for which it is best adapted. The types of 
locators and their uses will be covered in the 
following paragraphs. 



own axis and it can move lengthwise in the V- 
slot. If a stop js. put at one end of the V-block, 
>the cylinder <*an no longer move lengthwise. If 
the cylinder is clamped to the V-block, the 
cylinder loses its last degree of freedom, 
rotation about its axis. A rough, cylin<Jrically 
shaped object should have a V -locator near each 
end instead 'of one V -block to hold' it over its 
entire length. This minimizes rock or spring sn 
the part. V-locators are also used for parts oj^her^ 
than cylinders. An example of the V-blocks that 
are used as centralizers for parts with radiaf 
ends' is shown in figure 2V. The placement ot a 
V-locator isfmpor&nt. For'drilling through^he 
diameter of rods of different sizes, Ration the 
V-block so that the center of any sized rod is in 
line with the axis of the drill bushing. 




pnSure ZO Wide Mjpar.Uit.ii «»t rest buttons 



x.14 V-U»cators V-locators are best for** 
holdine cvhndncally shaped objects. When a 
c\linder is placed on a V-block. it loses a/ii b«t 
two dearees of freedom— it can rotate about its 




Figure SI V-block ccntraliicrs. 

8-15. Cylindrical locator^. Parts that>.iave^ 
had holes drilled 'in them ttjiring a, previous*';* 
machining operation can, be located for 
subsequent machining operations by cyHtidrjcal 
locator^ pieced to fit into holes. There a/e 
aK> many other uses for^cylindrical locators. 
For instance, the assemblies ii>a jet engine, such 
as the compressor and*> the« turbine, are 
cylindrical in shape and are .held by cylindrical 
locators during, machining operations. 

8-16. Conical^ locators. In many cases, 
conical locators are" more adaptable than 
cylindrical ones. If thgre is a tolerance for the^ 
hole sizes in a part, the cylindrical locartor must, 
be smaller than the smallest hole size allowed. 
The lateral movement of the part with the. 
" largest hole diameter within tolerance oti this 
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samft locator can be excessive. You can use a 
conical or # ^aper^d plug to overcome the 
variation of the placement of the part in the 
fixture. A common use of conical locators is 
a holding work between centers on a lathe. 
Another tapered locator is the mandrel, which 
can be pressed into a centrally located, straight- 
machined hole of a part so that the part can be 
turned between centers. Another application of 
the conical locators is illustrated in figure 22. A 
rough blank is located from its hub by an 
internal •Lnc i.. the end or a screw bushing. 




It 073 




Figure 22. Internal cone locator 

8-1 7. ,A- part, .located by means of a 
cylindrical plug, often needs to rest against 
another lacatoT -to keep it from rotating during 
the machining operation. Note how this is shown 
in r;§uro 23 The o : n u*«.d ;o prevent the part 
from revolving should be placed so that its point 
of contact with the part is as far as possible from 
the fulcrum point, A part located by two pins is 
considered as derivug nioi: of its location from 



Figure 23. Radial locator, 

the base of the fixture and one pin. The second 
pin only keeps the part from rotating around the 
first pin. The second pin is ground incn \ 
diamond shape leaving cylindrical srgmen** on 
the two ends of the diamond. By, being rchevoo 
as it is, the diamond pin locator allow* tor the 
slight deviation in measurement between the two 
respective holes, A closeup of tlie top mow of 
the diamond locator is sh'own in figure 24 Tho 
included angle at v.ach end of the diamond o 
60". The distance across the flats is throe- 
fourths of the diameter of the r «)cu ' 
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Figure 24 Top view of 3 diamorM lo^ar» ( 
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CHAPTER 4 



Die De$ign and Fabrication 



THE DESIGN AND fabricat.orf of metal, 
cutting and forming dies are very" important 
parts of your job as a machinist. These purines 
and dies can save you nfanV hdurs of wor^In 
this chapter we will djscuss the basic pr^ss 
operations, and the design and fabrication of 
' punches and dies. 

9, Types, Uses, and Designs \> f Dies 

9-1. Press tools provide one of the major 
methods of producing metal parts. Their range 
anil application h£*e become almost unlimited. 
Many articles that were formerly produced by 
machining operations have become products of 
the press department. In earlier years, press 
work was limited to small items, but now ther,e 
is apparently no limit to the size and variety of 
parts that can be made on the press, varying 
from small metal eyelets to automobile body 
parts, fenders, and similar pieces of large ~ 
dimension. Press tools may be divided into „ 
groups based on their effect upon the structure 
of the metal to which they are applied. Some 
tools act upon the met^l by some form of 
shearing or cutting action, such T as blanking, 
piercing, or shearing. Some tools work the metal 
* in the sense that they cause it to flow. Forming 
and drawing tools are typical of this group. 

9-2- Types of Die Operation. A large variety 
of press-work operations, some of which are 
very complex, can be' reduced to simple 
fundamentals. 

9-3. Blanking, Blanking is the operation of 
cutt/ng out .a part with a punch and die. The 
material used is called the stock. During the 
working stroke, the punch goes through the 
material After the material is cut. it drops 
through the die: and the punch returns to its 
original position. Figure 25 illustrates the action 
ofca blanking die. The work is fed by hand or by 
some type of feed device. Stop pins are usually 
used to gage the stock so that maximum stock is 
used. 

9-4, Piercing. The piercing operation consists 
of the punching of holes." It differs from 
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V/ORK-PIECE 

Figure 25. Blanking die. 

blanking in that flte punched out material is the 
scrap. Both fljat-encied and spiral-cutting 
piercing punches ace us'ed. A flat-ended punch 
is illustrated in figure 26. It is often thought 
that piercing die^ produce round 'h'olgs 
principally. But they are almost as frequently 
usfcd for making openings of other shapes, such 
as square, oblong, irregular^ curved, and slotted. 

9-5. Bending and forming. Bending and 
forming dies are rtfade in great variety and 
operate on all classes of work. As the name 




Figure 26. Piercing die. 
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implies,, this opcntion forms or bends the 
blanks. A 3imo!c form of bending die is 
illustrated in figure 27. The outline of the bend, 
which is to be imparted to the blank, is formed 
on the punch and die. Quite frequently, when 
more intricate forms are required, the work is 
passed through twu sets of dies* one for starting 
the outing and the other for completing the 
work. 



PUNCH 



0I£ 




v 



WORK.PIECE 



Figure 27. Bending die. 

9-6. Drawing. The production of cups, shells, 
boxes, and similar articles from metal blanks is 
called drawing. In this process, a piece of flat 
stuck iorass, steel, or other metal) is pushed 
through a round die by a dull-ended punch that 
cannot cut through the stock. An example is 
shown in figure 28. The shell that is pushed 
through the die is removed from the punch on 
tnc upward stroke oy catching on the stripping 
edge. 
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Figure W Drawing die 

9-7 Crwo'-iv* Crin : v.r»g ,.;car.s pinching or 
squeezing :he .>ides of a shell in order to hold an 
*)Hc«n. Xn s;;imote \i the crino-.iVi of a 
cartridge shell to hold the bullet in place. 

Co ftim 7? .-s *s iTfl'fd bv »!ie iamc, 



coining is forcing metal : ito Jie^ for she 
purpose of making letters *ir:!,;r ru»;!' ^ r 
in relief. 

9-9 Deep drawing resigning die sets tVr 
deep drawing is a very complicated procct rid 
requires considerable skill a. id exper encc 
will discuss only the general principle?. Deep 
drawing is possible only*'by diviJjhj tl^c \%oi"« 
into several stages or draws. Between each d'ev. 
the workpttce is anneaicd by heat becus.* * \- 
working the metal^fiakes it hard and * rr.tle 1 \ '■ • 
not possible to make long deep draws h * r*: 
single stage because the workpicce. even if shim 1 - 
of the softest material, would split and cc&:\ 

9-10. Deep drawing is often accompanied In 
an operation called ironing. Ironing is reducing 
the wall thickness of a shell by forcing it 
through a tight aie. The wa*K, of the :h*;M are 
both lengthened and made thinner bu'. thi 
thickness of the shell bottom is not chanced 
during the ironing operation. The spare oet'.veer 
the punch and die must be less than th.* 
thickness of the stock. Dies and other working 
parts used for ironing operations must be 
hardened, ground, and highly polished 

9-11. Location of Blanks in Stock. The dse 
designer must consider the spacing of M.tni.* 
the stock. There are two f actors t( consider. *.he 
best location of blanks to save material and the 
bes ; location to secure good bending vhirc 
beading is needed. These matters require a great 
deal of good judgment It i* often wise to cut a 
few pieces of paper to the required outline ot 
the punching. Then, by arranging them in 
different ways, you can determine the most 
economical pattern. Figure 29 illus.rjues ;he 
right way to punch stock. 7 he gage pin is so 
located that there is sufficient stock left 
between each pair of holes, arter the strip passes 
entirely through the press, to allow it to be 
reversed and passed through once more. This 
punches out rr.ost of (he metal tha; rema:n> 
between hoics after the first punching. 3\ 
arranging the operations to take place in this 
vay, you can get a great many m,>re punches 
from the same amount o: manual. Ho a ever., in 
choosing this method, you must weigh the extra 
labor cost against the cost of material saved. 
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Figure 29 Location ot hl.tnks 



9-12. Selection <>F Economical Size of Stock, 
Many limes sain*. v»Mnj!S can be made by the 
wise selecfon ot the pr« per w.dth ot stock Jn 
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figure 30. you can sec that by using stock wide 
enough to punch staggered holes, less material is 
needed for a given number of punchings than 
you need when using a narrower strip. You can 
see that the wide stock may not be twice as wide 
as the narrow stock, but it gives nearly twice the 
number of parts. 
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Fiyurc Method «»i loaning bUnk* in Mock 

9-13. Relation of Grain to Bending. If you 
must consider bending the blanks after they are 
produced. >ou must understand that strip steel 
has a definite grain, somewhat like wood. The 
grain of sheet metal always runs in the direction 
of the length of the sheet. Bends should be made 
across, or" at right angles to the grain, and not 
parallel to it. The figure 31 illustrates a part 
whose shape lends itself to an economical layout 
at a 45 u angle to the grain of the metal. This 
brtn2S the bend, as illustrated by the dotted line, 
at 45" to the gram. This angle seldom c .uses 
trouble unless a very sharp bend is made or a 
poor grade of material is used. Bends should not 
be laid out at less than 45" to the grain. The 
nearer they come to being directly across the 
grain, the less trouble will be experienced later 
from breaKing in the formed part, 
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F-gure 31 Blanks thai arc to he bent 

i 

9-14. Die S"*ts and ? Parts. Standardized die 
sets are used verj extensively in many different 
sizes and styles. When a "tool designer has. a 
product tor'which he must design a die. he 
studies the iob carefully and selects a suitable 
die set upon which he can mount his punches 
and dies. Standard die sets have two parts, th; 
punch holder and the die shoe, as shown in 
figure 32, Figure 33 shows the other parts of a 
standard die set. The\ are the shank by which 
th£ punch holder is fastened to the press, the 
guide pms which insure that the punch is in 
accurate alinement with the die. an\l the 
bushings. The guide pins and bushings are' made 
->t hardened steel* 

There a&e other standard parts that can 

v 
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Figure 32. Die parts. 

be purchased, such as springs, dowels, and 
stripper bolts. Five types of standard die sets are 
available, but the one most frequently used is 
the back-pin set, shown in figure 33. In this type 
of die set. the pins are at the back of the set, 
leaving clear space for hand-feeding the blanks. 
It also permits a good view of the moving parts, 
free from obstructing pins and bushings. The 
center-pin type die set is used when the load is 
heavy and is fed from the front. The guide pins 
are in alinement with the load along the 
transverse centerline of the set. This leaves the 
front clear but prevents end-feeding either by 
hand or automatically. 
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Figure 33 Assembled standard die parts. 

9-16. The diagonal-pin type set is usually 
used if very heavy loading is required. In this 
arrangement, one guide pin is placed at the 
front of the set to avoid the overhang of the 
back-pin type. The load is in alinement with the 
pins along a diagonal line arid leaves the end 
clear for feeding. The left pin is generally in 
front, but if the designer wishes to feed from the 
left, he can put the right pin forward. The final 
decision is based on the arrangement that gives 
the best view of the stop pins and is more 
adaptable to standard guards. 

9l|7. Round-die sets are made especially for 
coming and shaving operations. The guide pins 
are usually along the back, but can be at the 
center if needed. The punch holders and die 
shoes are usually round or oval-shaped. 

9-18. The four-pin type die set is used for 
roll-fed operations, especially for progressive 
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figure 30. vou can see that by using sicck wiae 
enough to punch staggered holes, less material u 
needed for a given number of punchings than 
vou need when using a narrower strip. You can 
see that the wide stock may not be twice as wide 
as the narrow stock, but it gives nearly twice the 
oumoer of parts. 
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9-»3 Relation of Grain to Bending. If >o>: 
must consider bending the blanks after they an. 
produced, you must understand that strip steel 
has a definite grain, somewhat like wood. The 
oram of sheet metal always runs in the direction 
of the leneth of the sheet. Bends should be made 
across. or~at right angles to the grain, and not 
parallel to it. The figure 31 illustrates a part 
whose shape lends itself to <in economical layout 
at a 45" angle m the grain of the metal This 
brinas the bend, as illustrated by the dotted line, 
at 45" to the grain. This angle seldom causes 
trouble unless a very sharp bend is made or a 
nonr 4rade of material is u>ed. Bends should not 
be laid out at less than 45" to the grain. The 
nearer the\ come to being directly across .the 
gmn. the less trouble will be experienced later 
brs-king in the lormed part. 
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Figure 32. Die parts. 

be purchased, such as springs, dowels, and 
stripper bolts*. Five iyzts of standard die sets are 
available, bu; :he or.e .:os>! freq^rly used is 
the back-pin set, shown in figure 33. In this type 
of die set, the pins are at the back of the set, 
leaving clear space for hand-feeding the blanks, 
h also permits a good view of the moving parts, 
free from obstructing pins and Dushings. The 
center-pin type die set is used when the load is 
heavy and is fed from the front. The guide pins 
are in alir.e^en? vkh the loai along the 
transverse centerline ot the set. This leaves the 
front clear but prevents end-feeding either by 
hand or automatically. 
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^'4*|pie Sets and Part.s. Standardized die 
se's arc used -.cry extensively in many different 

at.d styles' When a tool designer has a 
ornduct lor 'which he must design a die. he 
ladies im. |ob carefully and selects a suitable 
i . ct upon vnuh ne can -nount h.* punches 
.ux! dies Standard d.e sets have two parts, the 
» v , hoidor and the die shoe, as shown in 

■ * Fieurc 33 ;howb the other parts of a 
«ai!dard die~>V They are the shank by which 
:he purch holder is lastened to the press, the 
guide pins wnich insure that the punch is in 
wct-raie ahnement Aith the die. and the 
r»uM:*ngs The gj.de pm* and bushings arc made 
• >t nardened »tee!. 

-M5 There ire other ^undard parts that can 
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Figure 33 Assembled standard die parts 

9-16 The diagonal-pin type set is usually 
used if very heavy loadihg is required. In this 
arrangement, one guide pin is placed at the 
front of the set to avoid the overhang of the 
back-pin type. The load is in alinement with the 
pins along a diagonal line and leaves the end 
clear for feeding. The left pin is generally in 
front, but if the designer wishes to feed from the 
left, he can put the right p-n ioiward. The final 
decision is based on the arrangement th.it g\\*< 
the best view of the stop pins ana is more 
adaptable to stanaasu guards. 

9-17. Round-die sets are made especially tor 
coining and shaving operations. The guide pins 
arc usually along the back, but can be at the 
center if needed. The punch holders and die 
shoes are usually round or oval-shaped. 

9-16. The four-pin type die set is used tor 
roll-fed operations, especially for progressive 
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Figure 35. Progressive die. 



9-25. Compound. A compound die is one 
that performs several operations during one 
stroke of the press at one station. To do this, 
both the upper and lower members of the die set 
carry the punch and die elements, together with 
the necessary strippers or ejectors. Figure 36 
illustrates a simple compound die. This die 
blanks and draws a shell. Determine its action 
from figure 36. 

9-26. The compound die action is such that 
its product is very accurate, and a die that is 
made correctly will perform accurately 
throughout its working life. Compound dies are 
usually more expensive to construct than the 
plain die of two-stage design, which is the 
simplest of the progressive types of press tools. 
On long runs, the initial high first cost is 
justified, and on certain classes of work, the 
compound die eliminates the necessity for 



shaving operations. The compound die was 
originally adapted for small circular blanks of 
small tooth wheels, special washer-shaped parts, 
pierced instrument elements, and other similar 
parts. It was later enlarged for almost every 
kind of work where its application is 
advantageous economically or mechanically. 

9-27. The usual arrangement of a compound 
punch and die is to locate the blanking die in 
the punch head. The piercing punches are then 
fitted in the blanking die above, and the 
piercing dies are drilled or formed in the 
blanking punch below. There are a number of 
reasons for this practice, such as when there is 
no knockout for the upper die, or owing to the 
size of the work, when it is not feasible to 
introduce a knockout into the upper die shank. 
With the blanking punch fitted below to the die 
5* e, the piercings or slugs pass down through 
the die shoe as with a plain piercing die. 
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Figure 36. 

9-28. Compounjd dies operate more slowly 
than progressive dies, but they have advantages 
for certain jobs, especially where close 
tolerances must be held. Some of these 
advantages are listed beiow: 

a. The action of the pressure pad assures 
flatness of the blank. 

b. A pierced hole in the blank can be held to 
close tolerance with the edge. This is important 
when the hole must be concentric with the edges 
of a part. 

c. Larger parts can be blanked in a smaller 
press if compound rather than progressive dies 
are used. 



Compound die. 

d. Long strips of material are needed with 
progressive dies. Sometimes scrap blanks are 
available. These can be hand -fed to a compound 
die when the savings in material offset the cost 
of the labor. 

9-29. Stock Stops. When stock ms fed into a 
press, some method must be used to locate the 
stock in the proper place. The simplest method 
is the use of a stop pin. but it has the 
disadvantage of requiring considerable skill in 
the operator. Trip dogs are frequently used to 
determine the amount of the material that 
should move forward. Figure 37 illustrates a 
typical trip dog arrangement. As the stock is fed 
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Figure 37 Inp ttop. 

forward, the pawl rises on the ratchet principle; 
then the stock is pulled back, and the pawl 
drop* and locates the stock against the vertical 
surface of the pawl. Automatic stock stops are 
extensively used. They are controlled by the 
action of the punch as it descends or rises. 
There are many applications of automatip stops v 
designed for specific jobs. If the workpiece has 
the same width as the stock, and the feed is from 
one side without having a skeleton of scrap 
material pass out the other side, a shoulder stop 
is the most effective type. This stop is used on 
progressive dies where the last operation is a 
cutoff or trimming one. Figure 38 illustrates one 
of several shoulder stops. Note the indicated 
use, 

9-30. Strippers and Pressure Pads. Strippers 
arc used to remove the stock from the punch 
after a blanking' or piercing operation. A 
channel-t>pc stripper is often used. An example 
is shown in figure 39. A pressure pad is used 
frequent!} as a stripper, thus serving a dual 
purpose. The pressure pad is mounted on the 
punch holder and is held down" by stiff springs. 
As the^punch rani descends, the pressure pad 
holds the work in place while the punch passes 
into the die. On the upstroke, the pressure pad is 
held down momentarily acting as a stripper. 
This action wipes the stock from the punch. 
Figure 39 illustrates this action. In simple 
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Figure 38 Shoulder stop 




Figure 39. Channel-type stripper. 



forming operations, pressure pads are not 
necessary for stripper purposes, but they are 
used extensively to prevent edgewise movement 
of the blank after it Tias-heen moved from the 
locating nest by preliminary bending 
movements. While a blank is being bent or 
formed, it has a tendency to mov? sideways 
because strip steel has a tendency to resist 
bending more in certain areas than in others. 

9-31. Stripper Design, Simplicity of design 
reduces cost. With this in mind, the designer 
must consider simple channel strippers first. 
These can be built up with a rectangular plate 
that is mounted on a sirfgle strip to form a 
backstop or guide. If the stVip must be guided to 
close tolerances, a second strip, placed below 
the stripper, provides a groove through which 
the strip* is passed. The width of the groove 
should be at least 0.005-inch larger than the 
width of the stock, and the height of the groove 
should be 11/2 the thickness of the stock. 
Strippers for large die sets can be made of one- 
piece construction and -the groove can be 
machined out, as shown in figure 39. Strippers 
must be alined with dowels to insure accurate 
alinement on the die holder. 

9-32. Stripper bolt. Commercial companies 
now market special shoulder bolts for pressure 
pads. You can find the dimensions for these 
bolts in catalogs and handbooks. The heads 
formerly had screwdriver slots, but now almost 
all of them contain recessed hexagon sockets of 
the Allen type. These specially made stripper 
bolts have an advantage over the cap screws in 
the definite shoulder against which the stripper 
plate can be fastened. This shoulder positions 
the stripper plate exactly, when the die set is 
new. However, when the punches are ground for 
resharpening and are thus shortened, the 
stripper plate will not be flush with the cutting 
edge of .the punch. To adjust this, you must 
place washers under the head of the bolts at W. 
shown in figure ,36. 

9-33. Some designers prefer to use cap screws 
to ivoid this lengthy adjustment. The heads of 
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the cap screws are staked to prevent turning. 
You can retract the stripper plate by turning the 
cap screws after grinding the face of the punch, 
but releasing the staked head is difficult. Cap 
screws are frequently used with spacers made of 
steel tubing or pipe. The modern development 
of self-locking nuts has encouraged the use of 
nut and bolt construction. , 

9-34. Pressure pad design* Pressure pads for 
dies are spring- or cushion-actuated. Rubber 
cushions are satisfactory for short runs if the 
deflection is not too great and the possibility of 
oil splash is small. Select springs with an inside 
diameter only slightly larger than the stripper 
bolts. If the diameter of the spring is too large 
compared with that of the bolt, it may be 
advisable to counterbore holes in both the 
stripper and the punch plate to prevent the 
spring from "cocking" sideways and breaking. 
The number and placement of springs must be 
determined by the designer. There is no 
standard for this, but good judgment and 
experience are the determining factors. It is 
important, to consider, when you are selecting 
^springs, that they are subject to many repetitions 
of stress and are liable to fatigue failure. 

9-35. As inentioned before, it is difficult to 
determine the pressure- needed for stripping. It 
is evident that, if the stock around the punch is 
frail and stretches easily, little pressure is_ 
needed to remove thk scrap from the punch* If 
there is a substantial amount of material around 
the punch or several punches, the stripping 
pressure can*be as much' as ten. percent of the 
cutting pressured You must consider the amount 
of pressure needed to hold the stock firmly 
whiie it is being cut, and also when you are 
choosing or designing springs. 

9-36. Clearance and Angular Relief. There 
must be a definite amount of clearance between 
the punch and the die for blanking or piercing. 
The amount of clearance is controlled by the 
thickness and type of material to be blanked. 
For thin material with a iow tensile strength, 
such as brass, for example, the clearance is very 
small. If too much clearance is applied, the 
blank will have ragged or burred edges. Heavy 
stock needs more clearance than thin stock. It 
requires greater clearance to lessen the 
possibility of breaking the punch or die and to 
reduce the pressure required to complete the 
blanking operation. The clearance is designated 
by two methods. The first is to designate the 
space between the punch and the die on one side 
only, or one-half the total differer»ce between 
the sizes-cf the punch and the die. This method 
of designating die clearance is most useful *hen 
you are working with parts of nonsymmetrical 
forms or irregular contours. The second method 



is the total difference between the iizes of the 
punch and die. This method works best and is 
less confusing in connection with symmetrical 
parts. Specify the method of designating 
clearance that you used. This helps T o eliminate 
confusion and error. 

9-37. The clearance usually allowed for brass 
and soft steel on most dies, one one side, is 
equal to the stock's thickness multiplied by 5 or 
6 percent. For some classes of work. one-h?!f of v 
this clearance is preferred. Foi some piercing 
operations, a clearance equal to the stock s 
thickness multiplied by 10 percent give*/ th<; 
cleanest fracture. This clearance mey be used in 
such an operation as punching holes in ductile 
boiler plate. 

9-38. If blanks are to pass through a die, as in 
figure 37, an angular relief is needed to keep 
the blank from jamming in the passage. Tiie 
amount of relief ordinarily given a blanking die 
varies from 1/4° to 2°. However, dies to bo used 
for a relatively small number of blanks arc 
sometimes given a relief of 4° to 5° to facilitate 
making the die quickly. 

9- 39. There arc two methods of applyir i 
angular relief to a die. The first method is to 
extend the angular relief from the bottom of the 
die to the top surface or to the cutting edge. This 
method is best suited for thin, soft materials. 
The second method is to leave a straight section 
below the cutting edge of the die. This straight 
section slionld .be about 1/8 inch in width. The 
second method is best ^uued for harder 
materials. The straight section, called theJMand 
of the die," permits many sharpening** of ttie~3Te 
with out changing the size of the die cavii\, 

10. Fabrication of Dies 

1 Oj 1 . The fabrication of tools is another 
important part of your job as a machinist. After 
you have designed the tool for a certain 
operation, such as blanking or forming it is 
extremely important to fabricate it properly In 
this section we uill limit our discussion to the 
more critical areas of die fabrication. 

10- 2. Die Thickness, Length, and Width. 
Some general rules for calculating the thickness 
of small dies should be remembered For bla.iks 
with a perimeter of 3 inches or lesb, use a die 
block thickness of 3/4 inch. For blanks with a 
perimeter 3 inches to 10 inches, use a 1 -inch die 
block thickness. For blanks wiih a perimeter of 
over 1 0 inches, use a 1 V^-inch die block 
thickness. For example, if you were to 
manufacture a round die *.o blank a 7/3-inch 
disc, the perimeter of/tnat part is calculated by 
multiplying pi (7T) times the diameter, which is 
3,1416 X .875 = 2.7489. As you can see, the 
perimeter is less than 3 inches so the die block 
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thickness should be 3/4 inch. 

10-3. There should be a margin of 1 7< inches 
around the* die opening. This margin is left 
around the die opening to insure that the die 
does not break during the blanking operation. 
The margin also provides enough material for 
cap screws and dowel plans. To calculate the 
length and width of the die, add 2'/: inches to 
the length and to the width of the part to be 
manufactured. For example, the length and 
width of the die block for a die to blank a 
rectangle that measures 2.375" by 4.875" is 
calculated as follows. 2.375 + 2,500 - 4.875" 
width, and 4.875 + 2.500 = 7.375" length. 

10-4, Clearance, The application of 
clearance to the die block or punch is a most 
important step in the fabrication of dies. If 
clearance is not properly calculated and applied 
to the proper die members, the parts produced 
will probably not meet blueprint specifications. 
Remember that the die cavity controls the size 
of the blank and the punch controls the size of 
the hole. From this sirriple rule, you must decide 
to which die member the clearance should be 
applied. If the die block is the member that 
receives the clearance, the amount of Clearance 

' calculated must be added to the size of the die 
opening. If the punch receives the clearance, the 
amount of clearance calculated is subtracted 
from the size of the punch. 

10-5. Blanking Pressure. Blanking pressure 
depends upon the material and the area to be 
sheared, together with the percent of 
penetration and the amount of shear on the 

' punch. For round holes, the pressure required 
equals the circumference of the hole times the 
thickness of the stock times the shearing 
strength. The formula is; 

B.P - L k T x s 
BP » Blanking Pressure 
L *■ Length dI cut in inches 
T ~ Thickness of material 

S » Shear strength »l material in ps.i (pounds per 
square inch) 

To allow some excess pressure, the tensile 
strength can be substituted for the shearing 
strength. The tensile strength of common 
materials is roughly assumed as follows: mild 
.eel, 60,000 pounds per square inch; wrought 
iroVSO.OOO pounds; bronze, 40,000 pounds; 
coppeJv 30,000 pounds, aluminum, 20.000 
pounds; z>qc, 10,000 pounds, and tin and lead, 
5,'000 pounc_ x 

10-6. You calKreduce the amount of blanking 
pressure needed toN^ut a workpiece as much as 
50 percent by placi»>a suitable shear on the 
punch die. Figure 40 shmvs an example of shear 
applied to a punch. When>hear is placed on a 




dje member, the amount of pressure required to 
perform the operation is reduced. This not only 
reduces the size of the gress needed* but also 
adds to the life of the punch. If the blank is the 
workpiece, the shear should be on the die, and 
the punch should be flat because the shear angle 
has a tendency to distort the metal. If the blank 
is scrap and the strip must be flat, the shear 
should be on the punch. Shear should be applied 
to the die member that contacts the scrap. The 
amount of shear added to the punch or die 
should be equal to a taper, across the face of the 
punch or die, of 1 V2 times the thickness of the 
stock to be blanked. It may be preferable to use 
a double angle starting at the center of the 
punch or die. This double angle helps maintain 
symmetry and prevents the setup of lateral 
forces. 
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Figure 40. Shear applied to punch. 

*10-7. Contour Sawing of Dies, Internal 
contour sowing is well-suited to producing 
blanking dies and other straight-through die 
openings. It is the only process that permits both 
the die and punch to be machined from the same 
piece of steel. This procedure, shown in figure 
41, is not complicated because every work step 
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Figure 41, Contour sawing of dies 
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/ TABLE 1 

DIMENSIONAL DATA FOR CONTOUR DIE MAKING 



Die 

Thickness 
Inch 


Angle Of 
Saw Start- 
ing Hole 
Degree 


Angle 
For 

Saw Cut, 
Degree 


Distance 
From Die 
Layout Line 
To Center 
Of Saw Kerf 
Inch 


Distance 
From Die 
Layout Line 
To Center 
Of Starting 
Hole Inch 


Diam 
Of Drill 
Inch 


Width 
Of Start- 
ing Saw, 
Inch 


• 

i 

Amount 
Of Straight ! 
Sides On j 
Punch and , 
Dio f hie*: \ 


1/2 


21 


18 


5/64 


3/32 


178 


3/32 


— 1 
3/16 ] 


3/4 


18 


15 


3/32 


1/8 


"1/8 


3/32 


9/32 ! 


1 


14 


11 


3/32 


1/8 


9/tf4 


1/8 


3/8 


1-1/4 


12 


9 


3/32 


1/8 f 


9/64 


1/8 


15/32' 


1-1/2 


11 


8 


7/64 


9/64 


9/64 


1/8 


9/16 


2 


10 


7 


1/8 


3/16 


13/64 


3/16 


13/16 


3 


9 


6 


5/32 


1/4 


17/64 


1/4 


M/3 


4 


8 


6 


7/32 


9/32 


17/64 


W4— - 


L5181 




7 


6 


1/4 


5/16 


17/64 


1/4 


2-1/4 


t 1 


6 


5 


1/4 


5/16 


17/64 


1/4 


2-1/2 J 



sawed out of the die block. The path of the sa^v ' 
on the surface is entirely inside the layout line, 
and the proper cutting angle at the bottom of the 
slug allows for excess material outside the d\ 
layout line. 

c. With the slug or "punch" removed from 
the die. the die is frand-filed :o t\\c layoui 
outline, and the slug is band-filed to fit the die. ^ 
This filing operation removes all traces of the 
starting hole on the finished surfaces of both 
punch and die. 
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and related dimension is based on the thickness 
of the die block, as indicated in table I. Three 
operations are involved: 

a. The starting hole is drilled at an angle that 
varies with the thickness of the material. It is 
started inside the die layout line and emerges 
from the die block on the opposite side of the 
layout line. 

b. With the table tilted at an angle slightly 
less than that of the starting hole, the slug is 
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Fitting and Assembly 



FITTING AND ASSEMBLY is another 
important part of the machinist's job. After you 
have manufactured the parts, in many cases you 
will have to assemble them. Before the parts are 
assembled, you should carefully inspect them 
for accuracy and, if necessary, rework them so 
that -the* -fit- properly. After the parts are 
assembled, you must perform a functional 
tKyout and inspect the end product. These are 
the topics of discussion in this chapter, 

11. Inspection, Fitting, and Assembly of 
Machined Parts 
1 1-1. The term "inspection" has come to have 
a verv broad meaning in recent years in the 
mstalworking field. For example, the concept of 
inspection now includes a H" types of destructive 
and nondestructive inspection. The testing and 
inspection of materials have become so involved 
and complex that a new job specialty. 
Nondestructive Inspection, AFSC 536XX; was 
created in September 1966 to train specialists to 
work in this field. This specialty is manned by 
highly skille personnel who have been trained 
in the varioi methods of inspection, such as X- 
ray. ultrasonic, and magnaflux. If you are 
fabricating a replacement part that is to be 
subjected to critical stresses, you should take it 
to the nondestructive inspection specialist for 
testing. Also, if there is a question qbout the 
adequacy of any mechanical property, such as 
hardness and tensile strength, you should take 
the part to the metals processing specialist tor 
testing. 

11-2. Today in the Air Force, the 
nondestructive " inspection specialist and the 
metals processing specialist perform many of 
the inspection functions formerly required ot 
the machinist. As a result of this change., the 
machinist now thinks of inspection primarily in 
terms of checkmc the physical dimensions and 
the tinish of machVned parts to insure that they 
fit together properly. We will, therefore, discuss 
" (1) The use of measuring tools and devices to 
check machined parts for accuracy, and (2) The 



classification of machine fits. 

I tO. Checking Machined Parts, A machinist 
is often required to machine a replacement part. 
Suppose you have the task of machining a gear 
to replcxe oae that has been damaged. You 
could measuft the damaged gear and make a 
duplicate, but it would be mucn more 
satisfactory, to obtain a blueprint and work 
from- that. Because of wear, the dimensions of 
the damaged gear may not bt correct. It is 
impossible to machine a part to mathematically 
exact dimensions. Furthermore, it is impossible 
to manufacture a measuring device that is 
entirely free of error. It is also impossible for a 
machinist, even with the aid of a magnifying 
glass, to read a measuring device with absolute 
' accuracy. These observations are not intended 
to discourage you. We call them to -your 
attention only to remind you that difficulties do 
exist and that checking is required to make sure 
that machined parts are within tolerance. The 
tolerances permitted in most machining 
operations in an Air Force machine shop are not 
so precise that they pose a serious problem to a 
skilled machinist/We should review some of the 
minute, inherent errors in checking the accuracy 
of a machined part. A knowledge of these errors 
will help you to machine parts with greater 
accuracy, 

11-4, Instrument error. Every measuring 
instrument has an inherent "error of 
indicati6n." The accuracy of a micrometer 
depends mainly upon the amount of error in the 
lead of the spindle thread. A new micrometer of 
good quality is accurate within 0.0002 inch in 
the range of spindle travel. The accuracy of a 
dial gage depends mainly upon errors of 
graduation and of eccentricity and friction in 
the transmission gearing. 

1 1 -5. As a machinist, you cannot do anything 
about inherent error of indication. You can, 
however, insist that }he people in your shop treat 
, measuring tools with the respect they deserve 
' Do not tolerate any abuse in the handling and 
use of measuring tools. The work of a highly 
skilled machinist is wasted if he is forced to use 
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inaccurate measuring tools. Keep records of the 
dates on the PMB (precision measurement 
equipment) schedule, where each item of 
equipment is listed for delivery to the PME shop 
for inspection and calibration. Make certain 
that new measuring tools are sent to the PME 
shop^to be checked before using them in the 
shop. — ^ 

11-6. Error in use of too/^jDbtnining an 
extremely accurate measu remenr within 
micrometer is an art. When a machinist "mikes" 
the outside diameter of a shaft, there is no 
precision indicating gage to tell him when he 
has turned the micrometer thimble just the right 
amount. Proficiency in the use of measuring 
tools can be developed only through on-the-job 
training. 

11-7. Reading error. Reading error is often 
caused by lack of skill. For example, the 
trainee's first attempt to take a reading on a 
vernier scale can be quite confusing. Reading 
error from lack of skill can be reduced by 
additional training. Technically, "reading 
error" is the v uncertainty of the hum'an eye in 
perceiving fractional intervals on a scale. One 
machinist has no difficulty determining which 
division marks line up on a vernier scale: 
another, even with th^ aid of a magnifying glass, 
can not determine which marks line up. There is 
no remedy for deficient perception, though poor 
eyesight can be corrected. 

1 1-8. Classification of Machine Fits. The fit 
between two mating machined parts is 
determined by the engineer who designed the 
equipment. In, selecting the type of fit. he 
considers t pany factors, such as length of 
engagement, bearing load, speed, lubrication, 
temperature, and humidity. The tolerances 
permitted in the diameter qf a hole and the 
diameter of a shaft are intended to produce a 
particular type of fit,, 

. 11-9. The type of fit between 5 a machined 
part and its mating part is determined by the 
purpose the parts are intended to serve. If, in 
the^operation of the assembly, there is relative 
motion betweenlfre^patts,. a running or sliding 
fit is required. Sometimes, the^ufpose^of a^fit is 
simply to locate a part with referenre-urollfer 
parts in an assembly. Another general purpose is 
to hold the parts tightly together. 

11-10. One system of classifying the types of 
fits, called the American Standard Fits System, 
is described in the Machinery's Handbook. It 
divides fits into general groups; running and 
sliding, locational, and force fits. Each category 
is divided into several classes. For the sake ot 
brevity, we will discuss only the force fit system. 

11-11, A force tit (FN) is a special ivpc bl 
interference nt in which constant bore pressures 



are normally maintained throughout the range 
of sizes. Therefore, the interference varies 
almost directly with the diameter. T*e 
difference between its minimum and maximum 
value is small in order to maintain the resulting 
pressures within reasonable hums. Tin, 
American Standard Fits System divides force 
fits as follows* 

a. FN I. Light drive fits that require light 
assembly pressure and result in a reKitr ely 
.permanent assembly. They arc suitable for thin 
sections ajul for long fits and for assembling a 
part in a cast^iron^extermil member. 

b. FN 2. Medium drive fits that are suitable 
for ordinary steel parts and for a shrink fit on 
light sections. They are the tightest tit that can 
be used in assembling a part in a high-grade, 
cast-iron external member. 

c. FN 3. Heavy drive fits that <ye stable for 
heavier steel parts and for a shrink fit ir. 
assembling^nedium sections. 

(I. FN 4 and FN 5. Fits that are suitable for 
parts that can be highly stressed, and lor shrink 
fits in which it is impractical to use heavy 
.pressure to assemble the pans. 

11-12. Producing a force fit is more than just 
fitting two parts together tightly Different 
applications call for different Jegrccs oi 
tightness, for different degrees of clearance in 
running and sliding fits, and for different 
degrees of tightness or clearance in locational 
fits. Assembling parts with clearance fits h no 
problem. Technical orders prescribe the method 
for assembling parts with interference lits (light 
blows with a rawhide mallet, pressing into place 
with an arbor press t etc.), which will pre\cnt 
damage to 'he parts. Suppose that, in two 
different assemblies in which the interference 
tolerances are identical* the technical order 
prescribes forcing the inner part into the outer 
part in one assembly and prescribes shrinking 
the inner part in the other assembly. Why? 
Because the resistance to slippage (whether 
axial or rotational) in a shrink fit is about three 
"times greater tha'n in a force fit. 



42. Rework of Machine Parts 

12-1." Even though you took pains to machine 
all parts to the required tolerances and 
specifications, you find that they just don't fit. 
Don't be discouraged. This happens to the best 
ot machinists. At times like these, parts need to 
be reworked. In the following paragraphs we 
will discuss some ot the conditions that require 
the reworking ot parts, and some possible ways 
to do it. / 

12-2. You cannot accurately machine a pari 
on a laihc unless the lathe is in good oper.uing 
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condition, the work setup and the tool setup is 
rigid, and the cutting tool is sharp. Thin sections 
must be rigidly supported to avoid deflection. A 
new three-jaw universal chuck may have a 
runout of 0.003 inch. A grinding allowance is 
specified for some parts, and even though a 
grinding allowance is not specified, grinding, in 
some castes, is necessary to obtain the desired 
dimensions or finish. For some jobs, a finishing 
operation, such as honing, lapping, polishing, or 
buffing, is specified in the • technical order. 
Some little imperfection in the metal, such as a 
high spot in the bore of li cylinder, may make 
honing necessary. 

12-3. Rewo/king for hn^l fitting and 
assembly often involves bench work operations. 
If you find that a part binds because of 
insufficient clearance, you can work the part to 
fit by hand, by filing, scraping, or polishing. 
Hardened parts require hand-grinding or the 
use of abrasive cloths and polishing compounds. 
If large amounts of material have to be 
renewed, you may find it necessary no 
remachine the part. On occasion, you will find it 
more practical to remake the part. You should 
fit all parts before heat treatment if possible. 
Hardened parts are difficult to work. 

12-4. Your proficiency in reworking 
machined parts depends, to a large extent, upon 
having in the shop an adequate number of 
measuring tools in good condition. It also 
depends upon your skill in using and reading 
measuring devices, and upon machine tools that 
are in good operating condition. You wiH gain 
further proficiency through the practice you 
receive in on-the-job training. 



13, Functional Tryout and Inspection of End 
Products 

13-1. Checking assemblies for proper 
operation is usually the final part of your job. 
After you have fabricated the parts, they must 
fit together correctly so that they will do the job 
they were intended to do. Assume that you have 
designed and made the parts for a die set. A die 
set has a number of component parts that must 
be assembled, such as the punch, die shoe, guide 
pins, springs, and various items of hardware. 
The only way that you can determine whether or 
not the die set will work is to put it together, 
mount it on the applicable machine, and 
perform a functional tryout. If everything 
performs correctly during the functional tryout, 
you have a good operational assembly. If the die 
set -does not perform correctly, you must find 
the cause of the trouble and correct it. Perhaps 
the guide pins are not alined; and you must 



rework or reposition them. Perhaps the 
clearance between he 'punch and the die is 
incorrect, and you must\\r6calculate the 
- clearance. Careful checking during the making f 
of each individual part reduces the possibility 
that your work must be doive qver. 

o 13-2, Troubleshooting Machine Operations,' 
One of your most important duties as a 
machinist is troubleshooting* machining 
problems that arise during jhe manufacture of 
parts. We will list- some of the more common 
troubles, causes, and possible remedies as 
follows: *. * % 

«. Tool chatter. Cause— improperly ground 
tools or excessive, speed and feed. 
Remetfy-^regrind the tools correctly or 
recalculate the speed aitd feed for the material 
being-machined, 

6. Inaccurate parts. Cause— thermal 
expansion, dull cutting* tools, or incorrect 
machine adjustment. Remedy— use a coolant, 
sharpen the tools, or correctly adjust the 
machine. 

c. Failure of the punch to .complete a 
blanking operation. Cause— incorrect die 
clearance, press not large enough, incorrect 
alinem?nt of the punch and die shoe. 
Remedy— recheck.the clearance, recalculate the 
press tonnage for'the job, of check the die set 
alinement. . * 

d. Blanked-- parts stick to the punch. 
Cause— lack of a stripper or lack of lubricant. 
Remedy— providing a stripping device to 
remove the'parts from the punch or provide a 
means of ^lubricating m the material being 
blanked. 

e. Tooling Jmarks on formed parts. 
w Cause— machine toolmarks on die parts. 

R cme dy— buff or polish all marks from both the 
male and female /members of the die set. 

J\ Die set breaks down during ^operation. 
Causes-improper design, incorrect material, 
improper heat treatment, or incorrect alinement. 
Remedy— redesign the die set, select a better 
material for the die set, make certain that it has 
been properly heat-treated, or recheck the 
alinement. 

13-3. Serviceability of the End Product. The 
production of serviceablcr end products is the 
final test of your workmanship. You must select 
the proper material for the part, and design and 
fabricate a tool or tools to produce accurate 
parts. Parts are serviceable only if they perform 
the job they were made for. The failure of parts 
in use or the production of inaccurate work can 
usually be traced to the selection of the wrong 
material, to improper design, or to inaccurate 
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layout of either the part or of the tools used in careful attention to material selection, design, 
the part fabrication. You can minimize the and the layout of both the part and the tools th:vt 
production of unserviceable parts by paying are used to make the part. 

* . v - ' 
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This workbook places-the materials you need where you need them while you 
ftre studying. In it. you will find the Study Reference .Guide,. the Chapter Review 
Exercises and their answers, and the Volume Review Exercise. You can easily 
compare textual references with chapter exercise items without flipping pages 
back and forth in your text. You will not misplace any one of these essential 
study materials. You will have a single reference; pamphlet in the proper sequence 
for learnjng. ' /A 

These" devices in your workbook are autoinstructional aids. They take the 
place of the teacher who would i>e directing^your progress if you were in a 
classroom. The workbook puts theje self-teachers into one booklet. If you trill 
follow the study plan given *in ,l Your Key to Career Development," which is 
in your course packet, ~you will be leading yourself by easily learned steps to 
mastery of your text. § „ - 

If you have any questions which you cannot answer -'by referring to""Yoflr 
Key to Career Development" or your course material, use ECI Form 17, "Student 
Request for Assistance," identify yourself and your inquiry fully and send it to 
ECI. 

Kqep the rest of this workbook in>your files. Do not return any other part 
of it to ECI. *• 
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STUDY REFERENCE GUIDE 



I. Use this Guide as a Study Aid. It emphasizes all important study areas of this volume. 

2 Use the Guide as you complete the Volume Review Exercise and for Review after Feedback on 
the Results. After each item number on your VRE is a three digit number in parenthesis. That 
number corresponds to the Guide Number in this Study Reference Guide which shows you where 
the answer to that VRE item can be found in the text. When answering the items in your 
VRE. refer to the areas in the text indicated by these Guide Numbers. The VRE results will be 
sent to you on a postcard which will list the actual VRE item% you missed. Go to your VRE 
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go 
back to vour textbook and carefully review the areas covered by these Guide Numbers. Review 
the entire VRE again before you take the closed-book Course Examination. 

3 I u' the Guide for Follow-up after you complete the Course Examination. The CE results will 
be swnt to you on a postcard, which will indicate "Satisfactory" or "UnsatisfactQry" completion. 
The card will list Guide Numbers relating to the questions missed. Locate these numbers in the 
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course. 



Guide Guide 
Number Number 

Guide Numbers 300 through 308 , 

300 Introduction. Freehand Sketching, 305 Fabrication of Jigs and Fixture, pages 
Tolerancing. and Dimensioning; pages 1-4 17-20 



301 



Use of Standard Parts and Fabricating 
Processes: Design Related to Heat 
Treatment; pages 4-8 



306 Introduction; Types, Uses, and Designs of 
Dies; pages 21-28 



Introduction, Design of Hand and Cutting 
Tools; Design of Special Cages; pages 9- 1 1 



307 Fabrication of Dies; pages 28-30 



304 



303 



Introduction; Types, Uses, and Design of 
Jigs and Fixtures, pages 14-17 



Fabricating Processes; pages 11-13 



308 Introduction; Inspection, Fitting, and 
Assembly of Machined Parts; Rework of 
Machine Parts; Functional Tryout and 
Inspection of End Products; pages 3 1-34 
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CHAPTER REVIEW EXERCISES 

i 

The following exercises are study aids. Write your answers in pencil in the space provided after each 
exercise. Immediately after completing each set of exercises, check your responses against the answers 
for that set. Do not submit your answers to ECI for grading. 

CHAPTER 1 

Objectives. To show an adequate knowledge of freehand sketching, tolerancing, and dimension^, the iue 
of standard parts and fabricating processes, and the effects of design on heat treatment. 

1. How much information is required on a freehand sketch? (1-2) 



2. What is the best type of eraser to use for erasing a sketch? (1-3) 



3. Cross-section paper is ruled into squares of wha* size? (1-5) 



4. How should lines be drawn in freehand sketching? (1-6) 



5. What is the- first step in reading a blueprint? (1-10) 



6. How much space should you leave between extension lines and object lines? (1-12) 



7. List three types of dimensions. (1-13) 



8. Define work tolerance. (1-15) 



9. Define allowance. (1-17) 



10. List four of the most common fastening devices. (2-2) 
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11. How are castle nuts used? (2-5, c) 

12. If you must specify the heat-treating process for a tool, what factors must you consider? (3-2) 

13. What effect will an abrupt change in mass or size have on a part that is being heat-treated? (3-5) 



j CHAPTER 2 

Objectives. ToyShow an adequate knowledge of the design of hand and cutting Jools, of the design of 
special gagesyand of fabricating processes. 

1. List tfie three steps in tool planning. (4-3) 



2. List five types of common tools that you may be called upon to design. (4-5-9) 



3. What are gages? (5-1) 



4. What is the most common type ol gage? (5-5) 9 



5. List four types of gages. (5-5) 



6. List two nonmetallic materials from which punches and dies are made. (6-3) 



7. What type of tool steel should be used when distortion must be held to a minimum? (6-5) 



8. List some of the more common nonferrous tool materials. (6-7) 
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9. What is one of the most important causes of tool breakdown? (6-9) 



10. Thermal expansion must be especially taken into consideration under what condition? (6-13) 

< 

11. What are toolmaker's buttons used for? (6-16) 

12. What is the toolmaker's knee used for? (6-19) 

13. What is the first step toward developing a machining requirements plan? (6-20) 

' / 

14. Why should your machining requirements plan contain a materials, parts, dnd tools list? (6-21) 

15. Why is it good practice to group and perform like machining operations ^at the same time" (6-23) 

CHAPTER 3 

Objectives: To show an adequate knowledge of the types, uses, and design of jigs and fixtures, and' their 
fabrication. 

1. Explain the difference between the terms "jig" and "fixture." (7-1) 

2. For what type of work would a template jig be used? (7-3) 

3. What type of parts would you use a channel jig to drill? (7-5) 



4. What type of jig would be used on a part in which holes must be drilled from several directions? 
(7-7) ■ 
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5. How can you make it easier to position a heavy and hard-to-handle part for the drilling operation? 
(7-9) 



6. What type of jig can be used for more than one operation, such as drilling, reaming, and counter- 
sinking? (7-10) 



7. 



What type of bushing should be used for limited production and for only one operation? (7-12) 



8. What type of bushing should be used if several operations are to be performed, such as drilling, 
reaming, and counterboring? (7-14) 



'9. What is one disadvantage^ the screw-in type bushing? (7-15) 

10. What determines the class of a fixture? (7-18) 

11. What is the simplest type of fixture? (7-20) 

12. Upon what portion of an angle plate fixture is the workpiece clamped? (7-2!) 

J 

13. List the three most common types of body construction used in jig and fixture work. (8-1) 

14. List two advantages of welded body type jigs or fixtures. (8-3) 



15. In how many linear directions must a part be clamped in order to secure complete confinement? 
(8-6) 



16. Explain the 3-2-1 principle of rest button location. (8-8) 
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1 7. What governs the type and number of locators to be used? (8-9) 

18. What can be done <lo minimize the effect of variations of rough unmachined parts? (8-12) 

19. How do you determine which type of locator will be best suited for the job? (8-13) 

20. What type of locator is best suited to locating from holes with large tolerances? (8-16) 

CHAPTER 4 

Objectives: To show an adequate knowledge of the types, uses, design, and fabrication of dies. 

1. List the seven general types of die operations. (9-3-9) 

2. What two factors must be considered with regard to location ofblanks in the stock? (9-11) 

3. Why should a part be bent as nearly as possible to a right angle to, the grain? (9-13) 

1 

4. List the five standard die sets. (9-15-18) 

i , 

5. Give two advantages of the inverted die. (9-21) 

i 

6. What is the main advantage of a progressive die? (9-23) 

7. Stite some advantages of the compound die. (9-26-28) 
3. Explain the use of stock stops. (9-29) 
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9. What is the primary function of a stripper? (9-30) 



10. Wh> should >ou vounterbore holes in both stripper and punch $late when you use springs with too 
lan»c a diameter? (9-34) 



II. How is clearance specified for a die that is to be used for blanking a symmetrical part? (9-36) 



12. How much angular relict should be given a die used for a relatively small number of blanks? (9-38) 

i ■ ' 

13 Why should a die have a margin of \ l A inches around the die opening? (10-3) 

\ 

14. To which die member should clearance be applied if the blanked part is to be the workpiece? Why? 
' (104) / 



15, How is blanking pressure reduced? (10-6) 



CHAPTER 5 



Objectives To show an adequate understanding of the inspection, fitting, and assembly of machined 
pans, the reworking of machined parts, and the functional tryout and inspection of end products. m 

I. What specialist in the metalworking field would you consult to determine (a) whether or not a 
piece of metal contains internal flaws, and (b) whether di not a piece of metal meets the specified 
requirement for hardness? (ll-l) 



2. Why is it impossible to machine a part to mathematically exact dimensions? (11*3-7) 



3. What can a shop foreman do to insure that machined parts are accurately measured? (11-5-7) 
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4. How i$ the type of tit determined for mating machined parts? (11-9) 



5. Which will resuit in a greater resistance to slippage-driving a hub into the hole in a gear bteak 
with a rawhide mallet or shrinking the hub to fit the hole? (11-12) 



6. Give the best method of removing a small imperfection, such as a high spot from the bore of a 
cylinder (12-2) 



7. Wha^gp the primary cause of tool chatter? (13-2,a) 



8. What produces tooling marks on formed parts? ( I3-2,e) 



9. What determines when a part is serviceable? (13-3) 
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ANSWERS FOR CHAPTER REVIEW EXERCISES 

<> ■ 

CHAPTER I n 

1. As much as is necessary to serve the purpose for which the sketch was made. 

2. Artgum or pink pearl, 

3. One inch. The onoinch squares are subdivided into one-eighth or ofte-tenth inch squares. 

4. Draw lines with a series ol short strokes instead of trying to draw each line with one stroke. 

5. To determine the shape of an object. 

6. 1/16 inch, ' 

7. Detail, position, and overall. 

8. The amount of variation permitted in the dimensions or surfaces of machined parts. 
i 9. The intentional difference :n the dimensions of mating parts. 

10. Bolts, screws, nuts, and pins. 

1 1. They are used with bolts that are drilled to receive a cotter pin or lock wire for safetying. 

12. Consider the future use of the tool and the mechanical properties it needs. 

13. It may cause serious stresses to develop during heat treatment. 

CHAPTER 2 

1. (I) Determine what the tool must do. (2) Select or invent a device to meet the requirements. 
(3) Construct the device to perform the required task most efficiently. 

2. Jigs, fixtures, dies, cutting tools, and gages. * / 

3. Devices for determining whether or not the dimensions of a manufactured part are within 
specified limits. 

4. Fixed gages. 

5. Ring, receiving, plug, pin, snap, thread, and form, 
o. Rubber and thermosetting plastics. 

7. Nondeforming tool steel. 

8. Tungsten, tantalum, titanium, columbium, and cobalt in their carbide forms. 
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9. Material defects. 

10. When you are machining and holding dissimilar metals. 

11. Toolnjaker's buttons are used tor the accurate location and layout of holes. 

12. For the machining of angles and compound angles. ' 

13. S'U'ly the design and parts to be produced. 

1 *. To identify needed and available items, and to enable you to substitute and improvise or use 
iluvnate metnods and techniques. 

15. ,To enable you to keep work and tooling setups to a minimum. 



CHAPTER 3 

■> 

1. The basic difference between jigs and fixtures is that. the jig guides the cutting tool while the 
fixture only holds work in relation to the cutting tool. 

2. For limited production and accuracy in layout. 

,3. The channel jig is made for parts of simple symmetrical shape. 

4. Closed or box types. 

5. Mount the jig on trunnions or bearings. t 

6. Combination jig. j 

7. Press-fit bushing. / 

8. Slip renewable bushing. / 

9. When the 'threads become worn, the screw-in bushing becomes inaccurate. 

10. The machine on which it is used. x 

1 1. Auxiliary vise jaws., 

1! Thi "/orkpiecc is located and securely clamped on the face of the angle plate. 

13. Bi'mup. welded, and cast or one-piece types. 

14, Tksy are strong and rigid, and are easily altered. 

\j ~ „$';ietion of movement in three directions will secure complete confinement. 

16. Three rest buttons are located on the base to keep the part from rocking. Two buttons are placed 
or, .he veitioai member next to one of the long sides of the part! One button is placed on 'he 
Kvxz\ member next to the end of the part. 
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17. The finish of the locating surface of the part. 

18. Keep the locating points as far apart as possible., ■ 

19. The shape of the part determines the type of locator to.be used. 

20. Conical type locators. 

CHAPTER 4 

1. Blanking, piercing, bending, drawing, crimping, coining, and deep drawing. 

2. The best location to save material and the best location to secure good bending where required. 

3. The nearer the part comes to being directly across the grain, the less trouble will be experienced 
later from breaking in the formed part. 

4. Back-pin,* center-pin, diagonal-pin, round-die, and four-pin die sets. 

5. The inverted die lessens the possibility of bending a blank made of thin stock; and, since the 
cutting edges are kept free of chips, they need less regrinding. 

6. Their main advantage lies in their speed of operation. 

7. It is very accurate, it can eliminate shaving operations, and it is advantageous in holding, close 
tolerances. 

8. They are used to locate the workpiecc in the die properly. v 

9. Strippers are used to move the stock from the punciT after blanking or piercing operations. 

10. To prevent the springs, from cocking sideways and breaking. 

11. The total difference between the sizes of the punch and the die. 

12. i>~5° 

13. To insure that the die does not break during the blanking operation. It also provides enough 
material for cap screws and dowel pins. 

14. Clearance should be applied to the punch because the die cavity controls the size of the blank. 
I 5. By the addition of shear to the punch or die. 
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CHAPTER 5 * 

1. a. The nondestrictive inspection specialist. 1 \ 
b. The metals processing specialist. " ^ 

2. It is impossible to machine a part to mathematically e*act dimensions because of inherent error: r 
the machine tool, the construction of the measuring device, and in the reading of (he . measuring 
device. 

» * 

3. To insure that machined parts will be accurately measured, a shop foreman can (1) send meojuri.is 
Uuis on Schedule to the PME shop for inspection and calibration; (2) refuse to tolerate anv abuse 
in handling, maintenance, and storage of measuring tools; (3) and provide tiaining in the use and 
reading of measuring de\Icos. 

4. The type of fit is determined by the purpose for which the parts are intended to serve. 
It ■ 

5. -Shrinking the hlib to fit the hole results in greater resistance to slippage. 

6. Honing.* . . 

7. Improperly ground tools or excessive speed and feed. 

8. Machine toolmarks^n die parts. 

9. When the part performs the job fqr^vhich it waPmadc. , • ' 
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1. MATCH ANSWER 2. USE NUMBER 1 
SHEET TO THIS PENCIL. 
STOP- EXERCISE NUM- 

BER. 

53150 03 23 



VOLUME REVIEW EXERCISE 
Caiefulh read the following: • 

DO'S* ' ", 

1 Check the "course." "volume," and "form" numbers from the answer sheet 
address tab against the "VRE answer sheet identification n« mber" in the 
righthand column of the shipping list. If numbers' do not,match, take action 
to return the answer sheet and the shipping list to- ECI immediately w.th a 
note of expjanation. * „ 

2. Note that numerical sequence on answer sheet alternates across from column 
to column. 

3. Use only medium sharp #1 black lead pencil for* marking answer- sheet. 
4 Circle the correct answer in this test booklet. After you are .sure of your 

answers, transfer' them to the answer sheet. If you haye to change an answer 
on the answer sheet, be sure that the erasure is complete. Use a clean eraser. 
But try to-avoid any erasure on the answer sheet ifat all possible. 

5. Take action to return entire answer sheet to ECI. , 
6 Keep' Volume Review Exercise booklet for review and reference. 
7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECI on fcU 
Form 17. 
DON'TS: 

I. Don t use answer sheets other than one furnished specifically for each review 

exercise. j » 

•> Don't mark on the answer sheet except to/ fill in marking blocks. Double 
" marks or excessive markings which overflow marking blocks will register as 
errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than With a #1 black lead pencil, - 
VOTE- TEXT PAGE REFERENCES 'ARE USED ON THE -VOLUME 

REVIEW EXERCISE. In parenthesis after each item number on the VKfc 
is the Text Page Number where the answer to\.that item can be located 
When answering the items on the VRE. refer to the Text Pages indicated 
bv these Numbers. The VRE results will be sent to you on a postCMd 
which will list the actual VRE Hems you missed. Go to the VRE booklet 
and locate the Text Page Nuinbers for the items missed. Go to the text and 
carefullv review the areas covered by these references. Review the entire 
VRE again before you take'the closed-book Course Examination. 
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Multiple Choice 
Chapter 1 

» 

0- 

l f (001) Which .eraser is the best for erasing on sketches and drawings? 



' a. Pencil and ink. 
i L]\b. Thc*eraser on your pencil. ^ 



c. Artgum and pink pearl. 

d. Typing eraser. 



I (C03-C04)" The space left between extension lines^ and the object on a drawing should bo :b^i 



, a. 1/32 inch, 
b- .1/16 inch. 



c. 3/32 inch. 

d. 1/8 inch. 



3. (004) The amount of permitted variation in the dimension or surface of machine parts is called 



a. allowance. 

b. tolerance. 



c. range. 

d. limits. 



4. (004) When, the tolerance of a part is stated in only one direction, it is called 



*-a. a unilateral tolerance. c. a limit, 

b. a bilateral tolerance. d. an allowance. 

5. (004)' Which of the following is not indicated on the head of an aircraft bolt? 



a. Material the bolt is made of. 

b. Whether or not it is a special bolt. 
Size of the bolt. 

d. Whether or not it is a close tolerance bolt. 

6. (005) Which of the following types of screws should be used on a part having countersunk ho!es° 



a. Fillister head screws. 

b. Flat head screws. 



c. Round head screws. 

d. button head screws. 



7. (00?) ^Uich of the following types of bolts would be best suited for use in bolting two pie:ss \ r 

V.'GCd? 



d. Machine bolts, 
b. Carriage bolts. 



c. Stove bolts. 

d. Aircraft bofts. 



8. (005) What type of nut would most likely be* used with a cotter pin? 



a. Plain aircraft nut. 

b. Chcckflut. 



c. Shear nut. 

d. Castle nut. 



9. (COS) The type of nut that should be used to lock another nut in place is a 



2. plain aircraft nut. 

b, chiclcnut. 



c. shear nut. 

d. castle nut. 
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10. (OOo) Winch of the following should be used primarily for jlinement on securing of mating parts? 

a. Taper pins. 0 , c. Straight pins. 

7 b. Close tolerance bolt. d. Roll pins. 

11. lOO*) Which of the following heat treatment operations is the most serious cause of residual stress 
m parts? 

a. Hardening. c. Annealing. 

b. Carburizing. d. Normalizing. 



* Chapter 2 

12. (00^) Which of the following is not a consideration in tool planning? f 

a. Operation required. c. Dimensions and tqlerance. 

b. Locating points. d. Surface finish. 

13. (009) Jigs arc more often classified according to 

a. their construction. 

b. their operation. 

c. *he type of bushing used. 

d. the machine upon which they are used. 

14. (010) Steel to be used for making gages should not contain 

a. phosphorus. \ c. manganese, 

b. sulphur. ' d. silicon. 

15. (01 1) Which of the following gages should be used to check the diameter »of a shaft? 

a. Form gage. c. Snap gage. 

b. Receiving gage. d. Plug gage. 

lo. (01 \ \ Which of the following tool materials would be used to fabricate a die having an intricate shape? 

a. Plain carbon steel. c. Nonferrous tool materials. 

b. High-speed steel. d. Nondeforming toe 1 steel. 

1". (01 1) Which of the following tool materials is prone to be erratic in response to heat treatment 0 

a. Plain carbon steel. c. Nondeforming tool steel. 

b. High-speed tool steel. d. Nonferrous tool materials. 



IS 



235 



18. (012) The best way to keep thermal expansion to a minimum when machining dissun i-i j:. 
use 



a. slow R.P.M. and slow feed. 

b. slow R.P.M. and fast feed. 

c. sharp tools and an ample volume of coolant. 

d. fast R.P.M. and slow feed, 

IS (,012-013) Which of the following methods of layout would afford a very accurate layout ■ ' ; 'v 
used to drill four holes in a rectangular workpiece? 

a. Toolmaker's buttons. c. Toolmaker's J*nee. 

b. Vernier height gage. d. Disc. 



Chapter 3 

20. (014) The primary difference between a jig and a fixture is that the jig 

a. is fixed to the table. 

b. locates the workpiece in relation to the cutting tool. 

c. guides the cutting tool. 

d. has gages for positioning the cutting tool. 

>t 

21. (014) What type of jig should be used for limited production and should be used more for 
accurate layout than as a labor- or time-saving device? 

a. Plate type jig. c. Angle plate jig. 

b. Channel jig. d. Template jig. 

22. (015) Which of the following <vpes of jigs would be best suited for dulling setscrew hole: in ?uj 

a. Channel jig. c. Indexing jig." 

b. Angle plate jig. d. Closed or box jig. 

23. (015) Which type of jig would be used for drilling holes at angles to each other? 

a. Channel jig. c. Hosed or box jig. 

indexing or rotary jig. d. Angle plate jig. 

24. (015) Combination drill jigs are made possible by the use of 

a. slip 'renewable bushings. 

\, a combination of boring and drilling jigs. 

rro or more types of jigs, 
d. a combination of closed and indexing jigs. 



25. {Oi 5) V/iiich of the following types of drill bushings should be used V 
limited production of parts? ' * 

\ -**;»ewablc. c. Pres^fit. 

: Ti»^;w: "ib'o d. Screw. 

-* 
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26. (016) JVhci type of bushing should be used for clamping the workpiece as well as for guiding the 
tooP 

a. Press-fit. c - Fixed-renewable. 

b. Slip-renewable, d - Screw. 

27. (016) The class of a fixture is determined by the type of 

a. machine on which it is used, c. cutter to be used. 

b. operation. d - work " sed in iL 

28. (017) Fixtures so designed as to permit removal of a completed part while another part is being 
machined are called * 

a. auxiliary use jaws, w c. duplex fixtures, / 

b. angle plate fixtures. d. plate fixtures. 

29. (017-018) Which of the following body constructions is the most veuatiie and is often preferred? 

a. Builtup type. c. Cast type. 

b. Welded type. d. One-piece type. 

30. (018) In how many directions must a free body be restricted in order to prevent any motion? 

a. Three directions. - c. Five directions. 

b. Four directions. d. Six directions. 

31. (018-019) What governs the type and number of locators required to position a part? 

a. Type of operation to be performed. 

b. Surface condition of the part. 

c. The number of operations to be performed. 

d. All parts require the same number and type of locators. 

32. (019) When a part is found to have an untrue surface after being machined in a fixture, the most 
probable ca^se could be 

a. too many rest buttons. c. improperly clamped. 

b. not enough rest buttons. d. uneven rest buttons. 

33 (019-020) The type of locator that is often used to hold work between centers^on a lathe is a 

a. cylindrical locator. c. V-locator. 

b. conical locator. d - sfop-pen locator. 
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Chapter 4 

34. f(21) The press operation that cuts out a part with a punch and die is 

a. bending. <=. piercing. 

b. forming. d - blanking. 

35. (022) Which of the following press operations should be used in the production of cups, '.be "... ur- 
boxes? 

a. 3;awing. c - Binding. 

b. Forming. d - Crimping. 

36. (022) The press operation that consists of pinching or squeezing the sides of a shell in order to hold 
an object is 

a. piercing. c - crimping. 

b. coining. . d - drawing. 

i 

37. (022) What press operation should be used in the manufacture of military medals? 

a. Coining. c - Crimping. 

b. Drawing. d - Blanking. . 

33. (022) Which of the following forming operations can n6t be completed in one operation in lie 
cold working of metal? 

a. Drawing. c - Crimping. 

b. Coining. d - Dee P drawin §- 

\ 

39. (023) In relation to the grain of the metal being bent, bends should not be laid out at less than 

a. 15°. . <=• 30°. 

b. 20°. - d. 45°. 

40. (023) What type of die set is usually used to" mount a coining die? 

r, Di-ck-pin. c - Round-die. 

' b. Diagonal-pin'. • a- Four-pin. 

4!., (Gi3-C24) What type of standard die set should you select when maximum rigidity and sccirac-' 
aiinement are required? 

a. Four-pin set. <=. Back-pin set. 

b. Dia-cnal-pLn set. d - Center-pin set. 

n {OS-) b arranging the sequence of operations for a progressive die, which type of operation Oicx 
zi performed last? 

a. Blinking. c - Piercin S- 

b. Forr.-.n.l d - Trimming. 
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43. (024) In arranging the sequence of operations for a progressive die, which of the following 
types of operation should be performed first? 



a. Blanking. 

b. Forming. 



c. Piercing. 

d. Trimming. 



44. (026-027) A disadvantage of the stop-pin method of locating stock is that it 

a. requires considerable skill. 

b. will not be as accurate as mechanical stops. 

c. is not as fast as mechanical stops. 

d. is more dangerous than mechanical stops. 

45. (027) The width of the groove for channel strippers should be at least 0.005 inch larger than the 
width of the stock, and the height of the groove should be 

a. VA times the thickness of the stock. 

b. 2 times the thickness of the stock. 

c. 2 x h times the thickness of the stock. 

d. 3 times the thickness' of the stock. 

46. (028) What type of pressure pad for dies would be satisfactory for short runs when deflection is 
' not too great and there is only a slight possibility of oil splash? 

a. Spring-actuated. 

b. Rubber-cushion. 

c. Combination stripper- and pressure-pad. 

d. Combination spring- and cushion-actuated. 

47. (028) Die clearance should be stated as being on one side only in working with part of a 

a. symmetrical form. c. rectangular shape. 

b. nonsymmetrical form/ d. square shape. 

48. (028) Why does heavier material require greater clearance between the punch and die than thin 
material? 



a. To prevent ragged or burred edges. 

b. To allow the stock to be stripped more easily. 

c. To lessen the possibility of breaking the punch or die. 

d. Greater clearance will increase the amount of blanking pressure. 

49. (028) Using the formula stock thickness multiplied by 5 percent, what would the clearance 
die to blank 0.125-inch brass?* 

a. 0.005-inch. c. 0.007-inch. 

b. 0.006-inch. A 0.008-inch. 

50. (028) What amount of angular relief is ordinarily givert^a blanking die? 
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51. (029) What should be the width of the margin around the die opening' 

a. I 1/8 inches. c - VA inches 

b. W* inches. d - ~ A inches - 

52. 1029) By placing suitable shear on the punch or die, the amount of blanking pressure may be 
reduced by as much as 

£ . 30 percent. <=• 50 percent. 

3. 40 percent. d - 75 P etcent - 



Chapter 5 

53. (03i-032) ; Which of the following factors involving errors in measurement^ are you unable '■<-. 
correct? ' 

a. Instrument error. <=• Reading error. 

b. Error in use of tobls. d. Inherent error of ,nd 1C ation. 

54. (032) Which of the following is not one of the general groups of fits according to the American 
Standard Fits System? 

a. Wringing. c - Force f,ts - A rj . 

b. Locational. d. Running and shdmg. > 

55. (032) Which of- the following fits is the tightest that can be used on a cast-iron external member 

a. FN-1 light drive fit. c FN-3 heavy drive fit. 

b. FN-2 medium drive fit. i FN-4 shrink fit. 

56. (032) What, type of force fit would be suitable for thin sections, long fits, and for assembling a 
part in a cast-iron external member? 

a. FN-1 light drive fit. c FN-3 heavy drive fit. 

O. FH-2 medium drive fit. d. FN-4 shrink fit. 

57. (032) How many times greater is the holding.power of a shrink fit than that of a force fit- 

.. 1 time greater 3 times 8 reater " 

o. 2 times greater. d. 4 times greater. 

58. (033) FaUure of a die to complete a blanking operation can usually be traced to 

a incorrect material. . c - incorrect mach , ine alinement - 

improper heat treatment. » d. incorrect die clearance. 
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